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Bimetallic Corrosion Promoted by 
Copper-Aluminium Contacts 


By P. MABB. 


The question of corrosion has been investigated from many angles, and during 
recent years an enormous mass of information has been published on the 
subject, but it is important that both designers and engineers should make 


use of the results obtained. One 


important cause of corrosion is the 


electro-chemical action between dissimilar metals in contact which is dis- 
cussed in this article. 


N designing structures or equipments it is not easy to 

ensure that only metals which are electrochemically 

compatible mate together. A number of features are 
responsible for this condition of affairs. Ultimate expense 
of production, including fabrication costs, which entail 
consideration of such properties of the material as free 
machineability, malleability, ductility, ete., and mechanical 
requirements in the finished unit, are the two chief criteria. 
Even so, insufficient attention is given by designers and 
others to the simple fundamental facts which govern the 
electrochemical behaviour between two dissimilar metals 
in contact, and moreover, little appreciation is exhibited 
of the dire results that can occur from the exposure of such 
contacts to the moist corroding conditions of the atmos- 
phere. 

Apart from magnesium, which is 
the base of the electron series of 
alloys, aluminium is the most highly 
electro-positive metal of engineering 
constructional materials. Alumin- 
ium itself, or as one of its alloys, is 
one of the most prominent metals of 
modern engineering. being exten- 
sively used in automobile, marine. 
aeronautical and electrical indus- 
tries. By reason of its diverse 
applications, contact between alu- 
minium and the other metals of 
commerce is often impossible to 
ivoid. Either the aluminium com- 
ponents are fitted to the main 
structure of dissimilar metal, or vice 
versa, Fixing may be by means of 
rivets or bolts and screws, or a 
moving element may be involved in 
vhich shafts or bushes are the cause 
of the disparity. Finally, again in 





CoPrrerR COATED. 


aluminium is the worst selection that can be made from 
the viewpoint of enhancing any natural corrosive tendencies 
that may exist under any given set of conditions. 

The remarks which have been made above refer to what 
may be described as external contact between dissimilar 
metals. Even more intimate contact can be achieved by 
alloying such ingredients, and this is true of copper 
aluminium alloys. Unless the alloy is so designed that the 
copper is rendered inert by the formation of a non-reactive 
compound (e.g., a silicide), it will retain its own electro- 
chemical characteristics, and, being more or less uniformly 
distributed through the mass. will generally reduce to a 
marked extent the corrosion resistance of the mother 
constituent. Further, as the copper constituent will also 
exist at the surface of the metal, it creates a condition of 





Zinc COATED. 


PLAIN ALUMINIUM. 


lectric supply distribution, the main Fig. 1.—-Specimens after exposure to spray test reproduced actual size. 


‘eed may be by means of heavy 
luminium bar from which copper leads are taken. 

Of the metals which are inadvisably employed in direct 
ontact with aluminium, copper and its alloys such as 
‘hhosphor bronze and brass are the commonest. Copper 
s the most highly electronegative of the common metals, 
vhile its common alloying elements, such as zinc in brass 
r tin in bronze, exert little influence in diminishing its 
lectronegative characteristic. It follows, therefore, that a 
ombination of copper (or a copper rich alloy) and 


weakness in the natural protective film which is characteristic 
of aluminium. This explains why duralumin, containing 
34 to 44°, copper, and the straight copper aluminium 
alloys (5 to 12°, copper) are so much less resistant to 
attack than commercially pure aluminium. It must be 
stressed that these alloys have their own useful properties, 
duralumin for mechanical strength and amenability to 
heat-treatment, and the straight copper series for relatively 
good strength at comparatively high temperatures and 
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for their hardness superior to that of ordinary aluminium, 
and no attempt is being made to decry the application of 
these alloys in their own particular spheres 
The following test results demonstrate the reality of 
the pernicious influence of copper aluminium contact. 
Some test panels ot 
2? in 1? in. area by | in. thick were prepared by de- 
greasing and sand-blasting One was sprayed by the 


commercial aluminium sheet, 


Schoop process with pure copper to an average thickness 
of 0-005in. on all surfaces and edves, a second one 
similarly sprayed with pure zine to a thickness of 0-005 in., 
and a third left uncoated. The three specimens were then 
submitted to a humidity test which represented com- 
paratively mild corroding conditions in so far as moisture 
only was present as the active corrodant. The actual test 
chamber comprised a closely-sealed cabinet containing 
trays of water and was heated by suitably disposed ¢ lectric 
elements. The uniformity of atmosphere was attained by 
means ofa slow-moving fan. The temperature wasadjusted by 
means of external rheostats to 130/135 F. during the 


working day (9 a.m. to 5p.m.), and allowed to fall to 
atmospheric at night Humidity records showed LOO 

humidity with water deposition during the cold period, 
which decreased to 60°... when the temperature rose to 


Loo I. Thus, au wet, cool night period, and warn, dry 
day were maintained. The specimens were inclined at an 
angle of 60 


was as follows: 


Their behaviour under these conditions 


COPPER-SPRAYED SPECIMEN 
One day's exposure Moderately-badly attacked at edges, and 
small local areas of corrosion evident on 
surfaces The attack and corrosion took the 
visual form of whit vrowths with dark 
reddish brown peripheries 
i4 days’ exposure More heavily attacked at edges, and number 
and extent of local areas of corrosion increased 
12 days’ exposure Copper generally very dark, corrosion «ce 
veloped markedly, beimg evidenced both by 
stipenrti ial extent of attack and thickness of 
eorros ton deposit formed 
ZINC-SPRAYED SPECIMEN 
1? cdlaves’ ¢ Xposure Slight darkening of natural zine colour, but no 
visible sign of attack, either of the zin 
covering or of the aluminium base metal 
SANDBLASTED ALUMINIUM BLANK SpPeCIMEN 


Slightly stained, but virtually unaffected 


#2 days’ exposure 





Fig. 2 Vierograpl f section f Fig. 3 Photogr phi re proe 


aluminium-coated light alloy shee after exposure to salt 


\n analogous series of specimens was submitted to a more 


exacting accelerated corrosion — test This comprised 
exposure to the mist from atomised salt solution. The 
latter was 20°, strength, atomising being effected bv means 
of washed compressed air. The specimens were arranged 
obliquely, supported at an angle of 45° by means of glass 
rods in the test cabinet, and the mist was produced in the 


lower portion of the cabinet, and the larger droplets 
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baffled by glass plates, so that only a dense fog of fine 
particles fell upon the test pieces. The test was operated 


at laboratory temperatures. The results of exposure were 


as under: 
CorprER-SPRAYED SPECIMEN. 


Heavy attack evident in the form of white 
annular rings with dark copper centres, the 
corrosion eftect being distributed over the 
entire surface. No greening of the copper was 
apparent, so that preferential corrosion of the 
aluminium through the thick copper coating 
had ev idently occurred. 


One dav's « Xposure 


ZINC-SPRAYED SPECIMEN. 


On day's exposure. Slight general attack with the superficial 
formation of zine corrosion deposits. 


Two days’ exposure. Slight increase in intensity of attack, a little 


more marked in local patches. 
SANDBLASTED ALUMINIUM BLACK SPECIMEN. 

Three days’ exposure. Hardly affected, surface blemishes of the 
metal slightly enhanced, showing as darker 
spots with surrounding white area. 

The specimens submitted to the salt spray test are 

reproduced actual size photographically in Fig. No. 1. 

The vigorously-accelerated corrosion test of salt spray 
reveals in an illuminating way the réle of copper in en- 
hancing the corrodibility of aluminium. The copper coat- 
ing formed a reasonably complete envelope over the alu- 
minium base, but, nevertheless, allowed corrosion to 
proceed from within at a rapid rate. The milder humidity 

test results reveal a similar state of affairs, in fact, in a 

degree which is somewhat alarming. Again, it is to be noted 

that zine which is also electropositive and much closer to 
aluminium in the electrochemical series, does not produce 

(Electrode potentials in 

0-51, 


this enhanced corrosion effect. 
normal solutions, Aluminium + 1.038, Zine 
Copper, 0-58 volts). 

In many structures lightness combined with strength 
is an essential feature, and possibly the best illustration 
of this is the seaplane. It therefore follows that many of 
the light allovs possessing high mechanical strengths have 
to be emploved. At the same time it is realised that they 
do not possess the same extent of resistance to corrosion 
as does aluminium itself. That this is appreciated by 
both manufacturer and user is shown by the development 
and use of aluminium-clad light alloy sheet. One of the 
best known is that marketed under 
the name of Aldural, this being the 
normal duralumin alloy sheet com- 
pletely coated on both sides with a 
high purity aluminium. The effect 
of this is to seal the copper con- 
stituent effectively from contact 
with corrosive influences except, of 
course, at edges which, unfortunately, 
if left bare during fabrication, still 
leave a path of weakness. The alu- 
minium coating is a rolled one, and 
thus in no sense comparable with 
the spraved-metal coatings used in 
the preceding corrosion tests, being 
entirely tree from porosity. The 
material obviously re- 
sponds to anodic treatment for 
protective purposes in the same way 
as does pure aluminium, and rather 
better than does duralumin. More- 
. , over, as the thickness of the pure 
spray tests aluminium coating is a generous one, 

it offers an adequate protection. 

Fig. 2. shows this thickness, being a micrograph of the 
cross-section of a sample at a magnification of 40. The 
average thickness on this sample was ©0-0035in. The 
composite material is amenable to all the usual duralumin 
heat-treatments, and the aluminium coating assists in 
forming and drawing operations. Obviously, the severity 
of these must be minimised to avoid any appreciable 
or undue damage to or thinning of the coating. 


composite 


b) ALDURALI 





Bafa PS op 


eer a] 








ee 





~~ 








SEIS CE. ae 
ry 


eet, ake 


ad 


SOP 


x: 


eee 
Ps 


~~ 


en 





ets 








JUNE, 1936. 


Fig. 3 is a photographic reproduction (actual size) of 


specimens of (a) duralumin and (6) aluminium-coated 
duralumin (with cut edges) after eight days’ exposure to 
the salt-spray test. The progress of these under test was 
as follows :— 
DURALUMIN. 
One day's exposure. General slight attack. 
Three days’ exposure. General bad pitting. 
Eight days’ exposure. Condition very poor, corrosion heavy and 
pitting severe. 
ALUMINIUM-COATED SPECIMEN. 
One day's exposure. Surface attack more in the nature of super- 
ficial staining. 
Three days’ exposure. Some pitting. 
Eight days’ exposure. Considerable attack and pitting, but generally 
associated with surface blemishes. Condition 
superior to that of the duralumin sample. 


Commercially pure aluminium under these test con- 
ditions was only very slightly attacked superficially in 
the eight days, pitting being absent. Evidently, before 
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Fig 4. Electro-chemical characteristics of the common metal. 


accepting the superiority of rolled aluminium-coated 
duralumin sheet, one must be assured of the presence of an 
adequate thickness of the coating, its continuity, and the 
probable effect of cut edges. 
Anodic oxidation is the most efficient means of providing 
protective film upon aluminium and the majority of its 
iliovs. But, splendid as this treatment is for providing 
esistance to sea water and other forms of attack, it rapidly 
breaks down at bimetallic junctions, if one of the metals of 
ie copper series forms the second item. This can be seen 
rom the following test results. 
A number of locking-nuts, of duralumin, some anodised 
d some untreated, were submitted to the salt-spray test 
ra period of 16 days, half of the specimens being in close 
ntact with brass studs. A summary of the results is 
ven below :— 
1. The untreated specimens gradually corroded during 
the first few days of the test. 
2. The anodised specimens were entirely unaffected 
it the end of the 16 days’ period. 
3. The untreated nuts in contact with brass studs 
were exceptionally heavily corroded around areas of 
ontact within three davs. 
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4. The anodised nuts in contact with brass studs 
blackened at the junction in one day, and were heavily 
corroded there in five days. 

The above treatment of the subject has been brief, 
but it has been established that the theoretical aspect of 
bimetallic contacts cannot be ignored in __ practice. 
The best cannot be obtained either from the raw material 
or from the protective finishes applied to it if indiscriminate 
contact with highly electronegative metals is made. 
While the discussion has been confined to the aluminium 
series, similar considerations have to be borne in mind in 
dealing with the magnesium base materials, magnesium 
being even more highly electro-positive than aluminium. 
Finally, the divergence of electrochemical potentials is 
sown in a useful graphical manner in Fig. No. 4: These 
values are the single-electrode potentials of the metals with 
respect to normal solutions of their ions. From this diagram 
the extent of the evil of contacting two metals is readily 
gleaned, for example : 

(a) Iron and zine in contact, the tendency is for zine 
to corrode and safeguard the iron ; 

(6) Iron and copper in contact, the tendency is for the 
iron to corrode, the copper being preserved ; 

(c) Aluminium and copper is a worse combination 
than iron and copper or aluminium and zine. 
Considering these points, it may be deduced that in the 

case of fixing, for example, aluminium to steel, the latter 
should be zinc-plated, and zine-plated or galvanised bolts, 
etc., employed, if aluminium ones are not suited for strength 
reasons. 


New Iron Plant for the Donetz Basin 

The first plant in the Soviet Union to produce spongy 
iron without the blast-furnace process is now being built 
at the Krivoi Rog in the Donetz Basin. The new plant, 
which is designed for an output capacity of 15 to 20 tons 
of iron a day by means of the Trautman method, will be 
opened in October next. 

Successful experiments in the Ivanovo Experimental 
Plant for the direct production of iron ore have made the 
industrial production of spongy iron possible. Experiments 
at this plant are continuing. Spongy iron is being produced 
from a number of mixed ores such as chrome-nickel, 
titano-magnetite, and manganese. Spongy iron has been 
successfully turned into vanadium steel during the first 
experiments carried out in the Hammer and Sickle Plant 
in Moscow. 





A Nickel Cast-Iron Economy in America’s 
Capital 

Visitors to Washington are impressed by the cleanliness 
of its white stone buildings, and by the trees and shrubs 
with which the city is generously provided. The Govern- 
ment watches closely proposals for any industrial plant 
which might produce sufficient smoke to mar the beauty 
of the buildings or to harm the vegetation. 

A large central-heating plant, erected to supply steam 
to a number of public buildings, is an example of the care 
exercised in the disposal of smoke. Six boilers, grouped in 
pairs, are used in this plant, and each is equipped with two 
types of collectors in series, one in the form of a cinder 
trap to retain the heavier particles, and the other an electro- 
static precipitator to collect the more finely divided particles. 

The collecting electrodes are steel plate ducts charged 
positively. The dust particles are attracted to these ducts 
because they receive a negative charge when passing the 
discharge wires of the other electrodes. A vibrating device 
shakes these particles from the collecting electrodes. The 
dust falls in stages to a collecting hopper below the pre 
cipitator and is discharged pneumatically to an ash- 
disposal system. 

Yo avoid undue wear on the collecting valves and pipe 
fittings the designers of the equipment have specified an 
extremely hard nickel alloy cast iron which successfully 
resists the abrasive action of fast-moving ash and cinder 
particles. 
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The Stakhanov Movement 


By a Special Correspondent 


The spirit of emulation which prevails in Soviet Russia and 

which has developed from the Stakhanov movement, is proving 

invaluable to the rapid development of that country, and the 

brief reference to this movement, given in this article, shows 
the efforts made to develop maximum production. 


URING the last few months the Soviet press has 
been filled with reports of the Stakhanov move- 


ment, telling how this or that worker, or group of 


workers, in factory, field, and mine, has set up a new record 
for increased productivity of labour, only to be broken 
by someone else a few days afterwards. 

What is the nature of this extraordinary movement, and 
how did it originate? Alexei Stakhanov, a miner of the 
Donetz Basin, and founder of the movement that bears his 
name, best described the nature of it in an issue of Pravda 
of October last: “‘ More than once we pondered over the 
problem of how best to manage labour in the mine. The 
existing system of organisation did not satisfy us. A wall 
face 85m. long with a vein thickness of 1-4 m. divided 
into eight stopes, was worked by eight to nine miners 
using pneumatic hammers. Each one had to cut his own 
stope and reinforce his working place with mine timber. 
Only two or three hours were spent in actual mining ; the 
rest of the time was occupied by reinforcing. 

“The result was that the pneumatic hammers were 
employed only five or six hours a day. The rest of the time 
they remained idle though the compressors continued their 
work during both shifts. Is it impossible to employ the 
pneumatic hammers through the entire shift, we wondered. 
We decided to send one miner to operate all eight stopes, 
and | was chosen. Two carpenters were sent with me. 

“The time passed swiftly. During 5 hours 45 mins. I 
managed to dig the coal of the wall face and to cut 102 
tons of coal. 

“My record would have remained merely a personal 
achievement if practical conclusions had not been drawn 
from it. At present the wall face in our mind is divided 
into only four stopes, each 22m. long. In place of the 
17 workers and five assistants formerly employed, only 
10 workers are needed now. 

“'The results of our new method of work have not 
failed to make themselves apparent. The productivity of a 
pneumatic hammer has increased from 13 or 14 tons to 
50 and 55 tons during one shift. If we take into account 
the total number of workers—-the carpenters assisting the 
miners—-productivity per man is about 30 to 32. tons, 
The output of the entire section has been raised to 300 
tons per day ; some days production is as high as 327 tons. 
Formerly the output of our section did not exceed 250 
tons 

This movement, initiated by Stakhanov, for increasing 
the productivity of labour spread rapidly to every industry 
in the country. The records set up by Stakhanov in the 
coal industry were speedily followed by that of Busigin 
in the machine-building industry, of the Vinogradovs in 
the textile industry, Smetanin in the boots and shoes 
industry, of Krivonosov in transport, of Musinok in the 


timber industry. There is now not a single branch of 


industry in the U.S.S.R. where the productivity of labour 
has not been raised. Records in coal raising, steel smelting, 
ete., are daily being broken by newer and newer records, 
Whereas Stakhanov, by adopting his new method of coal 
raising, at first produced 102 tons in a shift, Ivan Borisov, 
a worker in the Prokopyevsk mine, by adopting Stak- 
hanov’s methods, on November 18 last, produced 778 tons, 
and on November 21, Menikh Zalnutdinov, working with 


an electric drill, broke Borisov’s record by producing 981 
tons of coal. 

The Stakhanovites in metallurgy have new achievements 
to record every day. Thus, for instance, a worker in the 
Enakievski works, named Dmitriev, took 16-08 tons of 
steel to a sq. metre of hearth, breaking the record of another 
worker in the same works, Demuro, who, on November 21, 
took 13-92 tons of steel per sq. metre of hearth. The latter’s 
record was broken on November 23 by Mikhail Lyutov, 
who managed to take 20 tons of steel to a sq. metre of 
hearth and promised to bring this up to 25 tons. 

The record of the textile workers, Vinogradovs, who 
operated 144 looms, was broken by Tasia Odintseva of the 
todnikov textile combine, who operated 216 looms, and 
turns out high quality products. Evdokia Vinogradova 
has since taken to operating 208 looms and promises 
still greater achievement. (Though the looms mentioned 
are operated by one person, they are inspected each day 
and kept in perfect working order.) 

The remarkable fact is that not only individual shock 
workers and brigades are producing in excess of the 
established quotas, but entire factories have adopted the 
new methods of work. 

The workers of the Kharkov Tractor Works take from 
the conveyer in a single shift 144 tractors, instead of 72, 
according to plan. The Stalingrad Tractor Works used to 
produce over 72 tractors per shift, but the tractor builders 
are now turning out double the ordinary quota. 

For many factories and, indeed, for entire branches of 
production it has now become possible to fulfil the second 
Five Year Plan in four years. Some of the biggest factories, 
such as “ Electrostal,”’ ‘* Electrozavod,” the Cheliabinsk 
Tractor Works, and numerous other giant works, have 
definitely undertaken to fulfil the second Five Year Plan 
in four years. The movement for the utmost rationalisation 
of the technical processes—that is, the Stakhanov move- 
ment—has disclosed enormous reserves in Soviet industry, 
which will facilitate the more rapid progress of the entire 
national economy. 

The Stakhanov movement is not a movement of record 
breaking by individual shock workers. It is a mass move- 
ment now embracing tens of thousands of workers; in 
the near future it will cover newer and newer sections of 
workers in practically every branch of the Soviet national 
economy. 

Unlike Taylorism, which denies initiative to the workers 
on principle, Stakhanovism is based on the initiative of the 
workers. There is a deep and fundamental difference 
between Taylor methods and Stakhanov methods. Under 
the Taylor system, the results of work performed at the 
utmost tension becomes the set standard for all workers. 
Tension is unnecessary in the Stakhanov system. It is 
based rather on complete rationalisation, mastery of 
the technical processes, perfect organisation, proper use 
of time, elimination of stoppages, greater co-operation. 

The records of Stakhanovites are not made by an over- 
expenditure of muscles and nerves. A Stakhanovite is not 
a strong fellow who works furiously, but just an average 
person who, after his day’s work is done, follows his ordinary 
pursuits—may be public work, study, sport, ete. The 
earnings of Stakhanovites have risen, and are rising by 
leaps and bounds. 
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Future Developments in the 
Foundry Industry 


By H. WINTERTON 
President of the Institute of British Foundrymen 


URING the researches and inquiries which | found it 
necessary to make in connection with my presidential 
address at the recent conference in Glasgow, it was 

borne upon me that if in the next 50 years developments 
are to proceed at the pace of the 
last half century, those of us who 
are spared for another decade will 
witness rapid strides on all hands. 

The Great War seems to have 
marked an epoch in the foundry 

trade. Its insistent and immediate 
demands for urgent supplies forced 
the hand of the foundryman, and 
since that time he has devoted his 
energies to advance in various 
directions. 

Perhaps we may definitely claim 
that research has become more 
thorough, that practical tests have 
been made more exacting, and that 
in many ways labour - saving 
devices have been introduced 
which, in themselves, have revolu- 
tionised foundry practice. 

Amongst the most marked ad- 
vances can be mentioned centrifugal 

casting, the development of casting 
in chills, and a complete change in 
methods of melting. Creeds to 
which most foundrymen subscribed 
a few years ago are now discarded 
as empty shibboleths, and the great sand question is being 
tackled in a manner which would have caused our im- 
mediate forbears the greatest surprise, and given rise to 
much sarcastic comment. The revivifying of sands by 
artificial means and the resultant saving of cost in new 
sand, and the disposal of the old material are now occupying 
the minds of many foundrymen, and it cannot be over- 
looked that development in this direction is proceeding 
ipace. Admittedly, the idea was introduced in America, 
ind it was at first thought that the mineral required to 
renew the sand could only be obtained in that country, 
ind that only one particular kind could be made effective. 
But this has now been shown to be a fallacy, and excellent 
results are being obtained from local binding material, 
manufactured entirely in the British Isles. 

The development of mechanical devices in the foundry 
s also one which must not be overlooked. Jolt ramming, 

ind slinging, automatic travelling tables, and other 
levices are being rapidly developed and improved, and the 
juestion of melting is occupying the serious attention of 
nanufacturers whose furnaces are being brought to 

erfection by steady degrees. 

To visualise the foundry 25 years hence is an almost 
mpossible task. Certain it is that a considerable amount 
work must be left for the hand moulder, but the trend 
f things, the growing competition, the demand for quan- 
ities and the desire for a highly-finished article, all go to 
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emphasise the necessity of an increase in mechanical plant, 
driven by electricity, with the cost calculated out to the 
lowest decimal point demanded by the call for repetition 


work. 
* * * * 


Metallurgical Developments 


During recent years the usefulness of castings has been 
broadened, despite competitive influences and progress in 
other processes. Only a few years ago the future of the 
industry was viewed with con- 
siderable alarm, particularly the 
production of iron and steel cast- 
ings, the rapid development of other 
processes, notably welding, caused 
foundrymen much concern. Many 
parts formerly produced as castings 
were found to be within the scope 
of welding, and there can be no 
doubt that the rapid progress in 
the fabrication of structural parts 
by welding was, and still is, a 
matter for serious concern amongst 
foundrymen. But there has been 
a gradual change in the foundry 
industry and foundrymen now 
view the future with greater op- 
timism mainly as a_ result of 
developments which have promoted 
more favourable conditions for the 
use of castings. 

In both the ferrous and non- 
ferrous fields steady and persistent 
research has been in progress, and 
developments have been made in 
the production of metals and 
alloys, with improved properties, 
which have been applied to the production of castings 
with considerable success. Not only have many suitable 
alloys been developed, but knowledge of their properties 
has increased, and methods have been developed in many 
cases for improving these properties by an appropriate 
heat-treatment process. 

The many advantages of alloy cast irons are becoming 
increasingly appreciated and the future holds considerable 
promise, but while developments in alloy cast irons have 
contributed to steady progress in the application of cast- 
ings for the more exacting requirements of modern engineer- 
ing, developments in the control of the elements in ordinary 
grey cast iron have given engineers a new conception of this 
material. The old formule upon which the design of cast 
iron parts were calculated no longer has any relation to 
modern practice. Commercial grey iron castings are being 
made regularly in which the tensile strength of the metal 
exceeds 20 tons per sq. in. 

In the non-ferrous field also there has been remarkable 
progress, and especially is this true in light alloy castings 
production. The increased strength-weight ratio de- 
manded in many industries has facilitated the development 
and application of light alloy castings, and with the 
maintenance of progress at the rapid rate of recent years 
the future of the foundry industry in this field is particularly 
bright, 





Development of Centrifugal 
Casting Process Commemorated 
The E. J. Fox Gold Medal 


NE of the most outstanding developments in foundry 
O metallurgy during the post-war years is that of the 

introduction and perfection of the centrifugal 
casting process, This has become a fully-developed process 
which can be regarded as ranking equal in importance 
with others of the great metallurgical developments. 

To commemorate this development, Mr. E. J. Fox, 
Managing Director of the Stanton lronworks Co., Ltd., 
has presented to the Institute of British Foundrymen the 
sum of £500 to be invested as a Trust, the revenue there- 
from to be expended annually in the provision of a suitable 
medal to be awarded to any individual who has contributed 
in some outstanding way to the progress of the foundry 
industry, with particular reference to foundry metallurgy. 
The active association of the President of the Institute, 
Mr. J. E. Hurst, with the development of the Centrifugal 
Casting Process, was regarded by Mr. Fox as creating a 
fitting opportunity to make this gift to the Institute. 

The Council of the Institute have conveyed to Mr. Fox 
their willingness to administer this gift, and expressed their 
appreciation of the honour done to them and also the 
implied honour to their President, Mr. J. E. Hurst, in 
entrusting the Institute with this gift. In view of the fact 
that the Centrifugal Casting Process was developed largely 
at Stanton by Mr. FE. J. Fox, and brought to commercial 
perfection in Great Britain, the Council of the Institute 
has decided that the award shall be known as * The E. J. 
Fox Gold Medal,” thus commemorating for all time the 
important part played by Mr. E. J. Fox in retaining for 
Creat Britain the honour associated with the development 
of this important metallurgical process. 

In drafting the regulations to govern the award of this 
medal, the Council have had in view the desire expressed 
by Mr. Fox that an award of an outstanding charactet 
should be established not only within the Institute, but 
within the whole realm of foundry industry and foundry 
metallurgy throughout the world. The Council are 
extremely gratified to be able to announce that two 
distinguished honorary members of the Institute, Sir 
Harold Carpenter, Ph.D., F.R.S., and Sir William Larke, 
K.B.E., have consented to act as advisors or assessors to 
advise the President and Council in the making of this 
award, and it is anticipated that the first award will be 
made on the occasion of the Annual Conference which will 
be held in Derby during the year 1937. 


The Centrifugal Casting Process 
It may be of some interest to add a few short remarks 


on the development of the centrifugal casting process. 
In its application to the production of cast-iron pipe it is 


probably true to say that an overwhelming percentage of 


the world’s output of cast-iron pipe is now produced by the 
In turn, the tonnage of cast- 
constitutes a vast proportion 


centrifugal casting process. 
iron pipe produced annually 
of the world’s out put of foundry products, and on this basis 
alone the centrifugal casting process ranks as a development 
of outstanding industrial importance. 
which has revolutionised the whole system of pipe manu- 
facture. Not only 
labour-saving devices and improvements in the conditions 
under which the workers can cperate, but it has brought 
about substantial improvements in the metallurgical 
character of the pipe castings produced. This latter has 
been responsible for the extensive developments in the 
application of this process to the production of high-duty 


The process is one 


castings for cylinders, liners and similar castings, and also 
the extension of the process into the realm of non-ferrous 
metal castings. 

While the principles involved in the centrifugal casting 
have received the attention of engineers and 


] rocess 
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metallurgists for many years, its development and establish- 
ment as an industrial process has been brought about only 
after years of unremitting labour, experiments and tests, 
involving a large outlay of capltal expenditure. As a result 
of all this, in which Mr. E. J. Fox and The Stanton Lron- 
works Co., Ltd., have played a leading part, this process 
has been added to the world’s foundry industries. 


The British Foundry School 


HE British Foundry School commences its second 

session in October, 1936, and a course of one vear’s 

instruction is provided. The total number of students 
taking the course for the first year, which opened in 
October, 1935, is 13, and they are now in their final term. 
During the vear they have had lectures from the Lecturer- 
in-Charge, Mr. J. Bamford, B.Sc., on foundry practice and 
foundry metallurgy, and on physics and chemistry from 
members of the permanent staff of the Birmingham Central 
Technical College. In addition. about 120 lectures have 
been given by specially-selected specialists of national 
reputation in their particular subjects. Visits have been 
paid each week to foundries and laboratory and practical 
instruction is a feature of the course. 

The examination for the Diploma will take place in 
July, and a number of distinguished authorities and 
specialists have been appointed as assessors in connection 
with this examination. It is anticipated that the Diploma 
will receive the endorsement of the Board of Education. 

As has been explained in previous issues, the School is 
supported financially by a group of trade associations, 
technical institutions and research associations in the 
industry, who contribute approximately £200 per annum. 
Further financial assistance, to make this up to £500 per 
annum, is required from the industry, and if this is obtained 
the whole of the balance of the expenditure, apart from 
receipts from students’ fees, is provided by a grant from the 
Board of Education. The £500 required from these various 
industrial sources for the first vear has now been obtained. 

Entries for the next session, 1936-37,can now be received. 
Application forms may be obtained from the Secretary 
of the School, Central Technical College, Suffoik Street, 
Birmingham 1, or from Mr. J. G. Pearee, Honorary 
Treasurer, 21-23, St. Paul’s Square, Birmingham 3. The 
fee for students is £30 for the session. In the majority of 
cases students for the first vear were nominated by interested 
firms who wished to provide promising men with oppor- 
tunities for receiving the highest instruction available in 
founding, instruction at least as good as that available in the 
highly specialised schools in founding of France and Germany. 

It is anticipated that the first annual meeting of the 
school will be held in July, te which all subscribers and 
others interested will be invited, and a full statement of 
accounts and activities will be available. 


Achema Annual, 1935-36 


This annual, which will be published this month, con- 
tains complete information of the equipment, apparatus 
and accessories exhibited at the Achema VII. For the 
first time the information will be presented in German, 
English and French. In addition, a special technical and 
industrial section will be devoted to recent advances in 
the chemical engineering field: in this instance also the 
report will be published in three languages. A supple- 
mentary section will contain advance notices regarding 
the Chemical Engineering Exhibition to be held at Frank- 
fort-on-Main, on July 2 to 7, 1937, on the occasion of the 
Fiftieth General Meeting of the Society of German Chemists. 

We understand the issue of this edition is to be strictly 
limited ; readers who desire a copy are therefore advised 
to make early application. This annual is sent free of 
charge upon receipt of three international reply coupons 
to cover expenses by the Dechema, Deutsche 
Gesellschaft fiir Chemisches Apparatewesen, Berlin W. 35, 
Potsdamerstrasse 103a, 
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Copper in Wrought Steel 


Much progress has been made in the application of copper as a constituent of 
wrought steel and in its properties when alloyed in various percentages with 


reviewed in 


OPPER has long been used in small amounts to 
confer weather-resistance upon steel, but it is only 
recently that low carbon, high-yield-strength com- 

mercial steels have been introduced, in which copper is 
one of the major alloying elements. The role of copper 
in wrought steels has been investigated at the Batell 
Memorial Institute and the results of such investigations 
are dealt with in Metals and Alloys* by C. E. Williams and 
C. H. Lorig. 

In amounts above 0-5°,, copper increases the strength 
and hardness of steel, but reduces the ductility, the loss in 
ductility, however, for a given increase in strength being 
less with copper steels than with plain carbon steels. Each 
1°., of copper added to normalised steel increases the tensile 
strength by about nine tons per sq. in., the yield strength 
by seven to nine tons per sq. in., and the Brinell hardness 
by 35 points, while it decreases the elongation and reduction 
of area about 3°. The rapid rise in tensile strength reaches 
a maximum value somewhere between 2 and 3°% copper 
after which it begins to fall off. With the decline in tensile 
strength the yield ratio rises rapidly, and is the same as 
the tensile strength in the vicinity of 4°,, copper. Excellent 
elongation and reduction of area values are obtained for 
steels containing more than 2°, copper. 

The effect of copper and of carbon on steel is somewhat 
alike, except that the increase in the yield strength is 
greater with copper than with carbon, and the loss of 
toughness is less. This is clearly shown when the properties 
of copper steels are compared with carbon steels of the 
same tensile strength. 


0-47% 0-33% C. 0-20% C. 
Carbon Steel. 1-0% Cu. 2-00% Cu. 
Tensile Strength (tons 
oe de he ee 45 ie 45 ae 45 
Yield Point (tons per 
he eee 27 ‘a 30 4 35 
Brinell Hardness .... 188 a 195 ai 196 
Elong. (2 in.) % .... 26 = 28 - 28 
Red. of Area % ..... 47 7 54 es 61 


In annealed steels and in water-quenched and tempered 
steels, the first 1°,, copper affects the properties in the same 
manner and to the same degree as 1°, copper in normalised 
steels, but with copper up to 2°, the properties of the 
annealed steels remain practically unchanged, while in 
quenched and tempered steels the yield strength is improved 
greatly. 

Since the presence of copper affects the vield strength of 
steel to a larger degree than the tensile strength, it is 
evident that, on the basis of yield strengths, the impact 
resistance of copper steels should show to even better 
advantage, when compared with the impact resistance of 
carbon steels. The yield strength-impact curve for plain 
carbon steel falls considerably below the curve for 1, 2 
and 3°,, copper steels, which in turn is below the curve for 
4°., copper steel. Good dynamic ductility of steel does not 
always go hand in hand with good static ductility. In 
the case of copper steels, however, it does, and the yield 
strength-elongation curve for the plain carbon steel is 
also below the curves for 1, 2, 3 and 4°, copper steel. 

Tests carried out on plates and sheets rolled from steel 
containing 0-1°, carbon and 1°, chromium, whose copper 
content ranges from 0-0 to 1-5°,, show that while 1°, 
chromium alters the base properties of the steels, the effect 
of copper as found for carbon steels, is not materially 
changed by the presence of another alloying element. 


The presence of 1°., copper raises the tensile strength 2-7 


* Metals and Alloys, 1936, Vol. 7, No, 3, pp. 57-63, 





iron. In these connections its value has been investigated and the results are 


this article. 


tons per sq. in. ; and the yield strength 4 tons per sq. in., 
while 1-5°,, copper increases each of these properties 9 
tons per sq. in. After normalising and_ precipitating 
hardening for three hours at 500° C., both the tensile 
strength and yield strength curves rise steeply between 
0-6°., copper, where precipitation hardening first becomes 
effective, and 1-1°, copper where optimum effect is 
obtained. The precipitation hardening treatment effects 
an increase in strength of between 9 to 14 tons per sq. in. 
The greatest change 4n properties is obtained when the 
precipitation hardening temperature lies between 425 
and 535° C., and may be accomplished either by cooling 
the steel from the normalizing or hot-working temperature 
to the desired temperature range, and there arresting the 
cooling for the desired time, or by reheating the steel and 
holding it at the desired temperature. Precipitation 
hardening also diminishes with increasing carbon contents 
and the susceptibility to precipitation hardening is lower 
for steels with less than 1°, and more than 3°, copper. 

In the low carbon, chromium steels dealt with, 1-5°% 
copper increases the Brinell hardness by 30 points, decreases 
the elongation by 33 to 40°,, and lowers the reduction of 
area by 50 to 70°,. Abrupt changes within the range 
0-6°,, to 1-1°4 copper are also found in the higher Brinell 
hardness values and lower elongation and reduction of area 
values obtained following precipitation hardening treat- 
ment. 

Various combinations of copper with other elements are 
being used to enhance the atmospheric corrosion resistance 
of steels beyond what may be obtained with copper alone. 
Some examples of such compositions of low-alloy steels 


are :— 
Cc. Cu. Ni. Cr. Mo. P. 
O-1l0d  .. 1o0 0-5 .. <* .. 0-10 
0-10 1-00... 2-0 - os 
O-la .. 1-40... OP a« oa Gee va 
0-25 .. 0-40 .. . _ 1-00... - .. OF 10 
0-15 .. O-55 .. .. 0-40 
G25 2s Ge «x - .. O95 


The combination of copper and high-phosphorus for 
increased atmospheric corrosion resistance is noteworthy 
in view of the fact that phosphorus in addition to improving 
the corrosion resistance, increases the strength of copper 
steels. While it is definitely established that copper 
increases the resistance of iron and steel to atmospheric 
corrosion, the results of submerged corrosion tests are not 
in good agreement. 

Copper in steel causes a characteristic surface cracking 
in hot-worked material which, unless precautions are taken 
to avoid it, may extend a considerable distance into the 
body of the steel, especially with high copper contents. 
This condition of surface cracking is intensified as the 
amount of copper increases, as the temperature at which 
the steel is rolled becomes higher, and as the time the steel 
is held in the soaking pit or in the heating furnace is 
lengthened. Surface cracking manifests itself to some 
degree on flat surfaces, but is most severe at edges which 
have been extruded or have been subjected to the action 
of the rolls during hot-working, and it is suggested that it 
is caused by the enrichment of copper on the steel surface 
as a result of the removal of some of the iron at the surface 
by scaling, with a subsequent penetration of the copper 
enriched alloy of relatively low melting point around the 
grains, near the surface, which are pulled apart when 
worked hot. 

Experiments have shown that surface cracking can be 
avoided : (1) By heating the steel prior to hot working in 
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a non-oxidising atmosphere, (2) by hot-working the steel 
at a temperature below 1,100° C., which is approximately 
the melting point of copper, or (3) by adding nickel to the 
steel to raise the melting point of the copper-rich alloy 
formed during scaling. 

The amount of nickel varies with the method of rolling, 
the temperature, and the length of time the steel is held in 
the heating furnace, but normally a quantity of nickel 
equal to one-third to one-half the copper present will 
suffice, but in severe cases more may be required. Cobalt 
is the only element besides nickel which has been found 
to have this beneficial effect. 


Alloys of Copper and Iron 


In addition to the use of copper as a 
Attention is directed 
Banister,! which covers alloys 
copper 


copper and iron, 
K. M. Simpson and R. T. 
ranging from 85°, copper and 15°, 
and 85°, iron, special attention being devoted to the alloy 
containing 50°, copper, 50°, iron. In the sand-cast 
condition this latter alloy has a yield point of 14.3 tons per 
sq. in., an ultimate breaking stress of 24-5 tons per sq. in., 
an elongation of 25°, and a Brinell hardness of 130°,. 
As forged, the values obtained for similar properties are : 
20-0 and 30-8 tons per sq. in., 28°,, 132 Brinell, while 
the Izod impact value is 71 ft.-lb. These values show a 
variation with heat treatment and with the 
reduction the alloy undergoes either from hot or cold work, 
a tensile strength of approximately 100 tons per sq. in. 
being obtained in the form of cold-drawn wire. The 
addition of manganese or of manganese and nickel to this 
alloy or to the alloy containing 25° 
both in the yield point and ultimate strength, the vield 
point in the 25°, copper alloy being practically similar to 
the breaking stress, while in the former alloy, although the 
yield point is generally found to be high and well marked, 
the proportional limit in the non-worked-hardened material 
is low 

Data on the effect of heat treatment on hardness of the 
50:50 alloy shows that there is some slight tendency 
towards precipitation hardness, but that the effect is 
small. Short-time tensile tests at elevated temperatures 
show a slight increase in strength, which is maintained to 
150° C., after which it decreases rapidly, while the yield 
point decreases steadily as the temperature increases and 
approximates to the breaking stress at higher temperatures. 
Values given for the thermal conductivity, thermal 
expansion, and electrical resistivity of this alloy, and 
compared with other metals, are relatively high for the 
first two properties. The electrical resistivity is higher 
in the 25°,, copper alloy than in the 50°,,, and in both alloys 
is increased with manganese and nickel additions. 

The microstructure of the series of iron-copper alloys is 
relatively simple, and except at the extreme end of the 
series consists of two solid solutions, one rich in copper and 
the other rich in iron. In the hot-rolled 50: 50 alloy an 
extremely fine fibrous structure is obtained, and this 
continuous network of copper-rich solid solution accounts 
for the good electrical and thermal conductivities, and the 
reinforcement furnished by the iron-rich solution produces 
the high strength. Carbon exerts a marked influence on 
the alloys and in only very small amount, 0-15°,, can 
produce a separation of the two solid solutions, with the 
result that it is impossible to obtain a homogeneous alloy. 
With only 0-08°,, carbon the general structure is entirely 
different from the normal one, and although the alloy 
appears homogeneous, it is apparently on the borderline 
separating a homogeneous material from a segregated one. 
Chromium produces a similar effect, although 2-5°,, of. 
this element is necessary to get such a segregation as is 
produced by 0-15°,, 


iron to 15°, 


» Copper, causes a rise 


of carbon. 


1. K. M. Simpson and R. T. Bannister, Metals and Alloys, 1935, Vol. 7, 
pp. SS 4 
2. K. E. Schumacher and A. G. Souden, Metals and Alloys, 


pp- 95-101. 


1935, Vol. 7, 


constituent of 
steel, investigations have been carried out on alloys of 
to the work of 


amount of 
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A study of the microstructure of the alloys indicated 
that their corrosion resistance was not high, and submer- 
sion tests in tap water, where the degree of rusting varied 
considerably from sample to sample, showed that carbon 
exerted a strong influence in this respect also. The presence 
of carbon in the iron constituent appears to reduce the 
amount of copper that may be held in solution, and con- 
sequently reduces the resistance to corrosion of this 
constituent. Additions of nickel, or nickel with small 
amounts of chromium, increase the corrosion resistance. 
Despite the fact, however, that the copper-iron alloys do 
not have corrosion-resisting properties, they are in this 
respect superior to ordinary carbon steel. 

Copper-iron alloys are peculiarly sensitive to oxide con- 
tamination and extreme care must be taken in melting, and 
a protective slag is advisable. They also have a large 
shrinkage on solidification, and it is necessary to provide 
sufficient hot top volume or shrink heads to feed the ingot 
or casting. If this is not done, or if the design of mould is 
such that the metal solidifies from the side towards the 
centre rather than from the bottom towards the top, seg- 
regation occurs, and a segregated core may extend practically 
to the bottom of the ingot. 

The 50: 50 copper-iron alloy is not only produced and 
used commercially in the form of wires and rods, but also 
in various other forms. Seamless tubes, 18 ft. long and 
2 in. diameter, have been produced, and sheets from which 
small caps have been drawn. It has also been used for the 
manufacture of intricate cylinder-head castings for auto- 
mobile engines. 

A second investigation, which is in some respects com- 
plementary to the one just dealt with, was carried out by 
EK. E. Schumacher? and A. G. Souden, with the ultimate 
object of obtaining a wire material with electrical and 
mechanical properties in a specified range. The procedure 
adopted was not an extensive investigation of the entire 
series of alloys but rather a study of the 50 : 50 alloy, as 
preliminary investigation had shown that this alloy 
combined the desired properties, while with higher copper 
content the requisite strength was not maintained, and 
with lower copper the conductivity decreased appreciably. 

Bars of copper-iron alloys, 0-75 and 1-Oin. diameter 
and 20 in. long, were prepared with compositions ranging 
from 75°), copper, 25°, iron, to 37-5°, copper, 62-5°, iron. 
These alloys, which were without segregation and contained 
less than 0-1°, metallic impurities, were hot-worked 
satisfactorily to 0-25 in. rod and then converted into wire 
by various drawing treatments. The influence of ageing 
treatment for five hours on the electrical conductivity 
and on the hardness after quenching in water from tempera- 
tures of 300, 400, 500 and 600° C. were determined, and also 
the corrosion characteristics after treatment by salt spray, 
acid immersion, salt immersion, electrode potential measure- 
ments, and outdoor-exposure tests of one year’s duration. 

The alloys in the range investigated were of the precipita- 
tion hardening type, but did not require a drastic treatment 
to retain a super-saturated iron-rich phase. The optimum 
combination of tensile and electrical properties was 
obtained with the 50:50 alloy by ageing at 500°C., 
followed by hard drawing. High tensile strengths associa- 
ted with desirable electrical conductivities were developed 
for certain compositions, the 50: 50 alloy in No. 18 W.G. 
having an ultimate strength of 80-85 tons per sq. in., 
and an electrical conductivity of approximately 30°, of 
This alloy could also be satis- 
factorily tinned commercially. Within the range of alloys 
studied, corrosion resistance decreased with increase in 
the iron content, and the various corrosion tests indicated 
that these alloys might prove corrosion-resistant in inland 
rural districts, but that they were unsuitable for use in 
marine atmospheres and would probably be unsatisfactory 
in most industrial atmospheres, particularly in regions 
near the sea-coast. 


that of annealed copper. 
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Developments in the Foundry 
Industry During Recent Years 


By J. E, HURST 


Only a few years ago foundrymen were very pessimistic regarding the 
future of the foundry industry ; the rapid development of other processes 
considerable change, however, has 
taken place, and to-day the usefulness of castings has increased, largely 
as a result of developments which are discussed briefly in this article. 


caused them much concern. <A 


HE foundry industry is one of the industries 
concerned with the conversion of metals and alloys 
into useful shapes and articles, and utilises the 

method of casting the metals and alloys in the molten 

condition into moulds previously formed to the shapes 
desired. It thus embraces the preparation of suitable 
metals and alloys, the conversion of these into the molten 
state, and the production of moulds which on filling with 
molten metal are translated into the desired castings. 

Not the least important part of that section of the foundry 

industry concerned with the production of moulds is pattern- 

making, and this is not always included in a survey of the 
developments in the foundry industry. 

Whilst the art of founding dates back to the early 
beginnings of civilisation, perhaps the greatest impetus in 
its development came about with the introduction of 
machinery in the eighteenth century. To trace completely 
the development of the modern foundry from this time is a 
task which can only be dealt with briefly in an article of this 
nature. In all its aspects the foundry has grown concur- 
rently with the growth and extension of knowledge, 
invention, engineering methods and industrial requirements. 
Broadly, in its evolution the foundry has progressed in the 
direction of producing castings of a greater degree of 
mechanical and metallurgical precision. Precision and 
accuracy of size and shape, uniformity of quality, mechani- 
cal and physical properties of a clearly defined order 
differentiate the modern casting from its predecessors. 
Changes in social and labour conditions have necessitated 
changes in foundry method, layout and organisation in 
order to maintain the production of castings at economic 
price levels. 

With one or two exceptions the evolution of the modern 
factory has occurred without any radical change in principle, 
and has taken the form of gradual improvement in methods 
and technique down to its minutest details. In pattern- 
making the introduction of machinery, the development of 
special woodworking machinery, the develcpments in 
materials for patternmaking have had a great influence on 
improvements in standards of accuracy and precision, in 
addition to widening the field for the exercise of ingenuity 
in moulding operations. In_ principle sand-moulding 
methods remain unaltered, and green sand, dry sand and 
loam moulding still exist. 

Increased knowledge of the characteristics of moulding 
sands and their importance and influence on the quality 
of the final casting have enabled the introduction of methods 
of sand control to ensure predetermined results with 
regularity in the quality of the castings, in addition to 
rendering the founder less reliant on the irregular distribu- 
tion of natural sands. In connection with moulding 
materials, an improvement which stands pre-eminent in the 
path of development of the modern foundry is oil-sand. 
The use of sea sand and sharp silica sands bonded with 
irying oils, not only for cores but for moulds, also has had 
| far-reaching effect on the development of moulding 
ractice. It is hardly too much to say that of all the 
mprovements which have been introduced into any section 
f the whole foundry industry that of oil sand is one of 
he most outstanding. 
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Following upon improvements in the itself, 
mechanised moulding methods are an outstanding develop- 
ment over the last 25 years. These vary from simple 
mechanical ramming devices and mechanical pattern- 
drawing devices to completely mechanised continuous 
moulding plants, embodying the transportation of sand, 
ramming, casting, shake-out and distribution of the castings 
to the fettling department and returning the sand to the 
reconditioning plant. Whilst the use of such methods is 
dictated primarily by considerations of production at 
economic price levels, they are also of importance in their 
influence upon the improvement in the mechanical and 
metallurgical quality of the castings. Of all the inventions 
which go to constitute mechanised moulding, perhaps the 
two most important are jolt ramming and the sand slinger. 
The natural corollary of mechanisation in moulding opera- 
tions is the mechanisation of handling operations, and 
during the post-war period numerous varieties of conveyer 
installations have been introduced into these operations. 

Core-drying isanother aspect which has received attention, 
and, in the case of oil-sand cores particularly, lends itself 
to the introduction of precise methods. A quite recent 
introduction into the foundry is the continuous core-drying 
plant. Fettling and cleaning castings has in a like manner 
made considerable strides. Hand fettling and the simple 
tumbling barrel has been reinforced by pneumatic tools, 
sand-blast apparatus, and oxy-acetylene cutting. Lately the 
removal of large masses of core sand from castings has been 
carried out hydraulically by the utilisation of the cutting 
effect of high-velocity water streams. In this connection 
the recent developments in centrifugally operated sand- 
blasting equipment cannot be overlooked. 

In any review of the developments in the foundry 
industry the introduction of the centrifugal casting process 
must be referred to as one of the most outstanding during 
the post-war years. It is probably true to say that by far 
the greater portion of the output of the whole world of cast- 
iron spigot and socket pipe is produced by this process. 
The development of the centrifugal casting process has 
played a very important part in preserving the manu- 
facture of pipes to the foundry industry. This process has 
also been extensively adopted for the production of high- 
grade castings for cylinders, liners, piston rings, drums 
and other important cylindrical components of engines. 
It is a matter for great pride that in the development of 
this process Great Britain has played a prominent part. 

The resources at the disposal of the foundry for the 
melting of metals and alloys have been added to by the 
introduction of high-frequency electric furnaces and rotary 
furnaces electrically heated and fired by either powdered 
coal or oil fuel. The foundry cupola has also come in for 
its share of improvement in the shape of the modified 
design known as the Balanced Blast Cupola developed by 








the British Cast Iron Research Association. Many engi- 
neers, metallurgists and foundrymen visualise these new 
methods of melting as the basis of many important steps 
in the future evolution of the foundry 

In the metals and alloys themselves the foundry industry 
In addition 
to the simple brasses, bronzes and white metals, non- 


has witnessed developments on a large scale. 


ferrous foundries are now concerned with complex brasses 
and bronzes containing manganese nickel, aluminium : 
Monel metal, nickel and its alloys: aluminium and its 
legion of light alloys: magnesium alloys and, looming on 
the horizon of evolution, metals such as beryllium and 
lithium. 
cerned with the production of a wide range of alloy steel 


The steel foundry in a like manner is now con- 


castings, particularly in the realm of corrosion-resisting and 
From a metallurgical point of view 
cast iron cannot be said to be lagging behind its brethren. 


heat-resisting steels 


Cast irons suitable for heat- and corrosion-resisting are now 
becoming common articles of commerce. Cast irons which 
can be heat-treated by hardening and tempering, and case- 
hardened by the most modern of case-hardening processes, 
viz., the nitrogen hardening process are now familiar. 
Remarkable developments have taken place in the 
production of cast irons having high-ultimate breaking 
strength characteristics, and cast irons with tensile strengths 


Large Alternators 


v j SWO > waterwheel alternators, each of 24.000 kV A 
capacity, which are being built by the Metropolitan- 

Vickers Electrical Co., Ltd., for Arapuni, New Zealand, 
are of outstanding interest They are probably the largest 
electrical machines of which the construction has yet been 


undertaken by British manufacturers, and, on account of 
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Fig. 1.—Spider f f24,000-4V A. Waterwheel Alternator. 

the large tlywheel effect required, the magnet wheel of each 
machine, even without its poles, is too large to be shipped 
In one prece 
the rim could not easily be made in halves or quarters 


The stresses at runaway speed are such that 


the rim is therefore built up of segmental stampings. The 


stampings, which are of steel 44 in. thick, are assembled 
on a separate cast-iron spider with an arrangement of 


overlapping designed to give an effective section equivalent 


to three-quarters of a total section, instead of one-half, as 
viven by the simple overlapping The stampings are 


clamped bet ween end plate 8, tlamn eut out of rolled steel 
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in the neighbourhood of 30 tons per sq. in. can now be 
obtained. Reference to high-strength cast iron directs our 
attention at once to the remarkable developments which 
have taken place in the production of cast-iron crankshafts 
and camshafts for automobile engines. Substantial publi- 
city has been given to these developments by the Ford 
Motor Co., in America, and they consider that the cast 
crankshafts are superior in every way to forged-steel shafts. 

It is fitting in this review of the developments which 
have taken place in the foundry industry to give some 
attention to the important steps which have been made in 
matters relating to foundry education. The establishment 
of a degree course in foundry metallurgy at the Sheffield 
University embodies the granting of metallurgical degrees 
in founding after a course of training embracing practical 
teaching in a well-equipped foundry laboratory. The 
Institute of British Foundrymen has played a vital part 
in the inception and organisation of this course—the first 
of its kind in any British University. The value of this 
course has been stressed repeatedly and is clearly recog- 
nised. In another direction the British Foundry School, 
organised to establish a scheme of training essentially for 
those within the industry, is now in active operation. The 
influence of these developments in the further improve- 
ment of the foundry industry will inevitably be far reaching. 


for New Zealand 


by means of a large number of bolts passing through closelv- 
fitting holes in the stampings. The outer rim of the core 
is provided with T-shaped slots for * dove-tailed ” fitting 
of the poles 

The rim so built up forms a self-supporting ring. It is 
in no way attached to the spider, so that no centrifugal 
stresses due to the core and poles are applied to the spider. 


The rim thus floating on the spider is driven by means of 


rectangular shaped keys which allow a certain amount of 
expansion without the rim being able to run out of centre. 

The rotor is of the * umbreila ” type, in which the thrust 
bearing and the upper guide bearing are placed immediately 





Fig. 2.—-Retor core assembled on spider ready for dove-tailed poles. 
In this iNusiration the stator of one of the Arapuni alternators can be 
seen tin the background on the lefi, and to the right of this the halves of 
one of three 12 500-4 VU A horizontal waterwheel alie rnators for the Mettur 
hydro-eleciric scheme of ithe Government of Madras. 


below the magnet wheel. The rotor complete with its shaft 
and exciter weighs about 95 tons, and this, together with the 
weight of the turbine runner and the water thrust, gives 
a total weight of 220 tons being carried on the thrust bearing 
The thrust bearing consists of a rotating steel collar, highly 
polished, running on white-metal-faced stationary segments. 
each of which is supported by a large number of strong 
steel springs to ensure uniform distribution of the load. 

The normal speed of the alternators is 214 r.p.m., and the 
rotors are being tested at a runaway speed of 85°, above 


normal—i.e., a test-speed of 395 r.p.m, 
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Foundrymen Discuss Problems 


Progress in foundry practice was indicated by the high quality of technical paper spresented 

at the Thirty-third Annual Conference ofthe Institute of British Foundrymen. Attention was 

directed more particularly to casting production in ferrous metals and alloys, and sum- 
maries of the most important problems discussed are given in this article. 


T is 11 years since the Annual Conference of the Institute 
of British Foundrymen was previously held in Scotland, 
and many members have happy recollections of their 

cordial reception on that occasion. The Thirty-Third 
Annual Conference of June 9-12, held in Glasgow and 
Edinburgh, will also provide happy recollections of a 
successful meeting, and the Reception Committee re- 
sponsible for the progamme is to be congratulated on the 
arrangements made for those attending the Conference. 
The initial function was a reception in the City Chambers, 
George Square, Glasgow, by invitation of the Rt. Hon. 
the Lord Provost (John Stewart, Esq.), and the Corporation 
of the city. 

Preceding the meeting on June 10, which was held in 
the Rankine Hall of the Institution of Engineers and 
Shipbuilders in Scotland, an official welcome was extended 
to members and their ladies on behalf of the City and 
Corporation of Glasgow, by the Rt. Hon the Lord Provost ; 
the Scottish Reception Committee, by Sir James Lithgow, 
Bart., M.C., D.L.; local industry and commerce, by Col. 
Norman Kennedy, D.S.0.; and educational, scientific, 
and technical institutions, by Sir Arthur Huddleston, 
C.M.G., O.B.E., M.A. Following the official welcome the 
Oliver Stubbs Metal and other awards were made. The 
honour of holding the Oliver Stubbs Medal was this year 
shared by Messrs. F. Hudson and E. Longden for work of an 
exceptional character. The retiring President, Mr. J. E. 
Hurst, in an appropriate speech, introduced Mr. H. 
Winterton, and performed the induction ceremony. 

In his presidential address Mr. Winterton gave a very 
interesting account of the development of foundry work 
in Scotland. Centuries ago, he said, Scots, unaware of 
the rich deposits of iron in their own land, were content 
to raid their hard-working neighbours in the north of 
England in order to carry off ploughshares and any 
weapons they could lay their hands on to replenish their 
stocks of farm implements and armouries. It was not until 
the eighteenth century was well advanced that it became 
known that ironstone was abundant in Scotland, but, 
although the Scots required tuition at first in knowing how 
to work iron, they were careful that their English neighbours 
who came north to instruct them did not monopolise the 
industry. To-day, he said, the Scottish blast-furnaces are 
amongst the greatest in the world, while in some of the 
foundries castings are made which cannot be equalled in 
meny countries, 

Following the presidential address, several papers were 
presented for discussion, summaries of which are given in 
the following notes. 


CAPILLARITY AS A FACTOR IN FOUNDRY 
PRACTICE 
Very little information is available concerning the re- 
tionships which may connect the property of capillarity 
to the pheneomena actually encountered in foundry 
ractice. According to Prof. A. M. Portevin and Dr. P. G. 
istien, its importance in foundry practice chiefiy appears 
the formation of blow-holes during the solidification of 
tings, in the penetration of the molten metal into the 
id of the moulds or “ searching,’ which occurs, and 
» in the complex property known as “ life.” Surface 
ision also plays an important part in the action of the 
‘8, fluxes, ete., employed in the foundry. In this paper 
authors confine their discussion to the function of 
face tension in the phenomena of “ life and “ search- 
The discussion is highly technical and very com- 
cated, 





THE MANUFACTURE OF INTRICATE THIN- 
WALLED STEEL CASTINGS 

Considerable progress has been made in the production 
of sound steel castings in recent vears and, as Dr. R. 
Hunter and Mr. J. McArthur point out, the improvement 
is very marked in thin-walled castings. For many types 
of castings steel is essential, and there has been a tendency 
to increase the sectional thickness of the metal in them 
beyond that necessary for strength : in some instances this 
tendency is excusable, because abrupt changes in metal 
thickness are a very real problem with steel castings. But 
steel castings now compete to a greater extent with castings 
produced in other metals and alloys. In many such applica- 
tions weight is at a premium, and the sections are designed 
as thin as is consistent with the requisite strength or to 
the minimum section acceptable by the steel founder. 
The latter alternative appears to be the limiting factor in 
many cases, as the designer can often, by using the lightest 
possible section in conjunction with suitable stiffening 
webs, provide a structure possessing the maximum strength 
and rigidity for a given weight. In this paper the authors 
discuss the production of several castings of this type of 
design; in addition others are discussed in which the 
problem is the complete covering of large areas with thin 
metal. 

The paper may be conveniently divided into two parts. 
The first section deals with the various phases of steel- 
foundry practice, with particular reference to thin-walled 
castings. Each phase has been considered from a general 
standpoint, and only the underlying principles have been 
outlined. The second part is devoted to a description of 
the actual manufacture of typical castings, which include a 
horizontal turbine-pump framing, a vertical turbine-pump 
framing, a gearcase, a nozzle segment, a combined bedplate 
and end casing, and a Diesel-engine crankcase. The 
difficulties in production peculiar to the various examples 
are considered, and the expediencies which have proved 
successful in overcoming them are described. The dis- 
cerning steel-moulder will find this paper both interesting 
and informative, while many designers will appreciate the 
progress indicated by the production of these castings in 
steel. 


COMPOSITION AND ITS EFFECT UPON THE 
PROPERTIES OF MOULD AND CORE-SAND 
MIXTURES AT ELEVATED TEMPERATURES 


This paper, by Mr. F. Hudson, is a continuation of a 
previous paper* in which the author gave the results of an 
investigation into the properties of mould and core materials 
at elevated temperatures. In the present paper an effort 
has been made to indicate the effect of various additions 
to mould and core materials, with the object of obtaining 
more suitable properties at elevated temperatures. As a 
result of his investigations the author states that many of 
the mould and core mixtures used in the foundry have 
unsuitable properties at elevated temperatures. These 
unsuitable properties are characterised by excessive 
expansion and large increase in strength both on heating 
and cooling, which are detrimental to the production of 
sound castings, as they cause surface scabs and sand 
buckles ; cracks, strains, and inherent stresses ; hot tears 
and pulls; and dimensional inaccuracies between casting 
and pattern. 

By the use of suitable sand mixtures the three points 


*“ Some Properties of Mould and Core Materials at Elevated Tem- 
peratures,” Foundry Trade Journal, December 5, 1935, 
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stated above can be corrected. The results obtained 
indicate that a certain coal-dust addition imparts the 
necessary properties at elevated temperature to green sand. 
Sawdust additions are most satisfactory for dry sand and 
loam. In the case of brass and iron-foundry practice the 
above additions can be made to the existing base sand 
providing it has a suitable degree of permeability and is 
controlled by routine sand tests. The use of synthetic 
clay and liquid binders is strongly advised as a means for 
Oil sand is also capable of giving good 
service when casting design permits. In connection with 
steel-foundry practice the above also applies, except that it 
is preferable to use a synthetic sand made from crushed old 
firebricks in order to obtain the maximum satisfactory 
characteristics at elevated temperatures. The use of this 
latter sand may also be of value for large iron castings 
when design or manufacturing methods warrant its use. 
The paper also indicates the effect of other materials which 
can be alternatively added to promote better properties at 
elevated temperatures 

To obtain the full benefits of these special mixtures the 
protective wash used must have similar properties at 
elevated temperatures as the base sand. The majority of 
protective coatings at present in service are not satisfactory 
and it is considered that a simple mixture of some liquid 
is preferable to washes 


assisting control. 


or oil binder, plus blacking, ete., 
containing clay. 

In regard to permeability of the sand, this is indirectly 
affected by the action of heat, due to the expansion of air 
inside the mould, and the pressure so generated is best 
relieved by adequate risers and artificial vents. At the 
same time it is advisable to use permeable sands, provided 
the protective coating employed does not reduce the 
permeability to any appreciable extent. 

The results obtained indicate the need of further research 
in at least two directions :—(a) Effect of composition on 
the properties of oil-sand mixtures at elevated tempera- 
tures: () effect of composition on the properties of mould 
and core protective washes at atmospheric and elevated 
temperatures . 

Further tests were completed on the effect of clay 
additions upon the properties of oil sand at elevated 
temperatures, and the results are given as an appendix. 


SYMPOSIUM ON CAST IRON 


A session was devoted to five papers which constituted 
a symposium on cast iron. One of the papers dealing 
with the influence of wall thickness on the mechanical 
properties of cast iron, was presented on behalf of the 
Verein Deutscher Eisengiessereien, while another was 
presented on behali of the American Foundryvmen’s 
\ssociation , 


The Influence of Manganese and Molybdenum 
Additions to Cast Irons 


The results of a study on the effect of additions of 
manganese and molybdenum conjointly to cast iron were 
given in a paper by Mr. J. E. Hurst. The cast iron used 
had a basis composition of approximately total carbon 
8-5°,, and silicon 1-0°,, and the procedure adopted was 
designed to maintain these two elements as nearly constant 
as possible and to provide specimens with increasing 
quantities of molybdenum and manganese. 

It is shown that the conjoint additions of these two 
elements have a marked effect upon the hardness. In 
the presence of small amounts of manganese the effect of 
increasing the molybdenum content on the Brinell hardness 
is not very great until a percentage of approximately 
0-70°., of this element is attained, and further increases 
beyond this value bring about increased hardness. Increase 
in the manganese content brings about a general increase 
in the hardness level, for a given molybdenum content 
and extremely high hardness values of 600° Brinell and 
over are obtained with manganese and molybdenum in 


excess of 2-25°,, and 1-00°, respectively, 
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Under all the conditions of manganese content examined 

molybdenum commences to show a marked effect in 
increasing the hardness when a percentage in the neigh- 
bourhood of 0-70°,, is reached, and the increased hardening 
effect is obtained uniformly across the section of the 
specimens examined. This effect of the joint addition of 
these two elements on the hardness appears to be due to 
their action in promoting the formation of a martensitic 
constituent. 

Manganese appears to be necessary to ensure the forma- 
tion of this, and in the specimens containing only 0-25°%, 
manganese none was observed up to 3-45°,, molybdenum. 
Owing to the fact that no specimens having a manganese 
content intermediate between 0-25 and 1-0% were 
examined, it has not been possible to fix the manganese 
content at which the martensitic structure begins to form, 
but by extrapolation from the observations made with 
higher manganese it appears probable that at least 0-5 to 
0-75°,, of this element is necessary. With manganese in 
excess of this amount, increases both in manganese and 
molybdenum bring about an increase in the amount of 
martensitic constituent. 

Increase in molybdenum alone appears to be accompanied 
by an increase in the amount of the carbide constituent, 
and this same influence probably persists in conjunction 
with higher manganese contents. The combined effect 
of this and the production of the martensitic constituent 
is probably responsible for the very high hardness values 
of the high-manganese molvbdenum members of the series. 

The annealing treatment adopted in the experiments 
has had the effect of “ balling up” or spheroidising the 
pearlitic martensitic matrices, and in the more highly- 
martensitic alloys a constituent of troostitic character 
appears. In these same alloys the carbide constituent 
appears to be very stable. and the author states it was 
difficult to observe any such reduction in quantity of this 
as appeared in the lower manganese-molybdenum content 
specimens. This observation has a bearing probably on 
the substantially high hardness values maintained after 
annealing in the higher manganese-molybdenum specimens. 
\ll the specimens undergo a reduction in hardness due to 
annealing, but it will be noted that with, say, 1-75°%, 
manganese and 1-5°,, molybdenum, hardnesses of upwards 
of 400 Brinell are still maintained. This is in al! probability 
due to the stability of the carbides in these alloys, the 
reduction in hardness as from the “ as-cast ’’ condition 
being due in the main to the spheroidising of the martensitic 
and the formation of some troostite constituent. 

While no mechanical tests were made on the materials 
in the * as-cast ” condition, it is worthy of record that all 
the specimens appeared to be very tough and strong in 
handling. The mechanical tests in the annealed condition 
show that in the main increase in molybdenum is accom- 
panied by increase in strength of quite a substantial order. 
Again the marked effect of this constituent appears to 
begin with a percentage in the neighbourhood of 0-70°,. 
Manganese in itself does not appear to be responsible for 
any increase in strength of a marked order, nor does it 
bring about any reduction in strength. In fact, with all 
the percentages of manganese examined the high strength 
due to the molybdenum contents appears to be maintained. 

The stress deflection curves and the area of these or 
the resilience values show that with an increase in molyb- 
denum of 0-70°,, this value is substantially raised, but 
further increments in the two elements do not appear to 
be accompanied by any further increase in resilience values. 
They are, however, accompanied by certain other changes 
in what might be termed the elastic characteristics. 
Increase in both molybdenum and manganese appears to 
extend the range of close approach to proportionality, and 
what has been termed the limit of proportionality has been 
distinctly raised by both these elements. The elastic 
deformation properties are maintained, and the plastic 
deformation or permanent set properties are reduced. 
The modulus of elasticity (EN value) shows a marked 
tendency to increase with increasing molybdenum contents, 
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nd the elastic hysteresis loops over the stress cycle adopted 

10ow a substantial diminution in area with increase in 
hoth constituents. 

The apparent effect of increase in molybdenum content 
in reducing the magnitude of the internal stress effects 
after annealing is also an observation of very great interest. 
\ general observation on the results of the mechanical 
test results of these specimens in the annealed condition 
is that the joint addition of these two elements is not 
accompanied by any diminution in strength characteristics, 
and on these grounds it would appear that these joint 
additions could be used with every confidence. 

Joint additions of manganese and molybdenum produce 
cast irons having martensitic characteristics with strengths 
and attributes of the strength properties of a very high 
order. 

Certain aspects of the results obtained in this investiga- 
tion are clearly of importance, states the author, and he 
refers to the application of cast irons alloyed with manganese 
and molybdenum for chilled and grain rolls, wear-resisting 
castings, engine castings, and gives numerous examples of 
yeneral castings for which they are applicable. 


The Influence of Wall Thickness on the Mechanical 
Properties of Cast Iron 

The fact that grey iron castings have different strength 

properties, according to their thickness, is well known, 

and efforts have been made from time to time to determine 


what relationship exists so that the strength properties of 


various thicknessed sections could be obtained from a test 
bar cast separately or integrally with a casting. This is 
one of the most important problems of the iron founder 
and though much work has been done on the subject, its 
solution has not yet been accomplished. The scientific 
formulation of this problem is presented by Dr. H. Jung- 
bluth, in this paper, in which he discusses previous work 
on the subject of sectional sensitivity, and stresses the 
importance of dealing with the problem, although he 
realises that only partial solutions can result. 


As a result of a careful investigation in the light of 


previous work on the influence of wall thickness on the 
mechanical properties of cast iron, Dr. Jungbluth con- 


cludes that the problem as regards the general law of 


sectional sensitivity of plain cast iron test-bars can be 
assumed to be solved. Numerical relationship between the 

Si and the sectional parts can be stated which are as 
close as can be expected only in the case of statistical 
relationships. Investigations have also been conducted on 
the influence of alloy elements on the sectional sensitivity 
of test bars, which must be regarded as tentative experi- 
ments. They present a qualitatively consistent picture, 
but for quantitative evaluation the numer of experiments 
made is not yet large enough. 

The data on the sectional sensitivity of castings are still 
more meagre. It is for the present by no means sufficient 
to give a clear conception of the numerical relationships. 
Especially in this direction a wide field is still open for 
research. Concerning the influence of alloy elements on 
the sectional sensitivity of castings the data available are 

voluminous as those for test bars. Here also only 
qualitative and not quantitative conclusions can be drawn. 

‘he relationship between the mechanical properties of 

wall thickness in castings and in test bars is likewise 
“ll obscure. At most, it can be said that for high-duty 

‘t iron the mechanical properties of the test bar coincide 

to a point with those of the casting. Systematic in- 
‘tigations are also urgently required in this direction, 
{in Germany at least are now being carried out. The sec- 
ial sensitivity of cast iron is not peculiar to this material 
ne. It shares it with other cast alloys, cast iron being 
s comparable to aluminium, while black-heart malleable 
| has a low and cast steel no sectional sensitivity. 
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The Fracture of Pig Iron and Cast Iron 

Nowadays, chemical analysis of iron is used in many 
foundries to control the product and the fracture method 
of determining the character of pig iron is not so important 
as in former days. But the fracture of pig iron and of cast 
iron is taking on a new importance, since chemical analysis 
alone does not give a complete guide to the properties of 
cast iron. It is possible, for instance, for two pig irons 
or two castings of the same general analysis to have 
different fractures and widely different mechanical and 
other properties. The investigation of such differences 
is obviously of considerable importance, and a paper by 
Dr. A. L. Norbury and Mr. E. Morgan describes the various 
fractures of pig iron, the effect of composition, and par- 
ticularly carbon and silicon content, on the fracture. 
Illustrations of differences in fracture which are not re- 
vealed by the general chemical analysis are given. 

In the past, the superiority of one pig iron over another 
was properly, in many cases, largely accounted for by a 
lower carbon content or some other analytical difference 
which was not fully realised. At the present time, however, 
with analytical and test-bar control becoming more and 
more exact, it is becoming firmly established that differences 
do exist between different brands of pig iron which are not 
revealed by ordinary chemical analysis, and which may be 
reproduced in castings made from them. 

Reference is made to the extreme difference in graphite 
size in two high-total carbon irons of the same analysis, 
and considerable attention is given to the effect of titanium 
slag inclusions in changing a coarse graphite structure to 
a fine graphite structure. The authors have found that this 
effect is produced by dissolving a small amount of ferro- 
titanium in molten cast iron, and oxidising it by bubbling 
carbon-dioxide gas through the molten metal. Only about 
0Q-2°, Ti is necessary and ferro-silicon-titanium is the most 
easily dissolved ferro-alloy. 


The Founding of Pressure Castings 
Generally speaking, engineering grey iron castings can 
be divided into two broad classifications, says Mr. H. H. 
Judson, in his paper on the above subject—viz. : structural 
castings and pressure castings. Structural castings are 
designed from a mass and rigidity standpoint, and a close- 
Pressure 





grained homogeneous structure is not essential. 
astings, on the other hand, are quite dependent upon the 
absence of draws, shrinks, spongy spots, coarse graphitic 
carbon, and demand a dense, fine-grained homogeneous 
structure in order to be serviceable. The structure of the 
iron, as, for instance, the amount of graphitic carbon 
present, and, more important still, the condition in which 
this graphite exists is of paramount interest in castings 
subjected to pressure. 

Two types of iron mixtures are used by Mr. Judson in 
his foundry, one which is a high-duty iron, is made up from 
a charge containing various percentages of steel rails, this 
forms the major part of the charge, the balance being 
pig iron and spiegeleisen. The second type is made up 
entirely from pig iron and scrap. The first type is used for 
all castings which are subjected to pressures above 500 Ib. 
per sq. in., and the two cupola process for making the high 
duty iron is adopted for these pressure castings. 

The process as applied to this class of casting is of 
interest. The cupolas used are 54-in. and 72-in. diameter, 
respectively. The 54-in. cupola is used to melt charges of 
the following composition: 1,400 1b. of steel rails, 4 in. 
or larger; 135 1b. of pig iron (15%, silicon), and 85 Ib. of 
spiegeleisen (20°;, manganese). The tuyeres in this cupola 
are set 6 in. to 7in. above the sand bottom. The height 
of the bed when charging is begun is 34 in. above the top 
of the single row of tuyeres. The cupola stands fully 
charged for 1} hrs. before the blast is put on. The coke 
charges are 180 lb. each, and the blast volume is kept at 
agout 5,500 cu. ft. per min., with 12 to 16 oz. blast-pressure. 
Tapping is continuous, and the spout is of the skimming 
type. 
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All of this iron is tapped into one ladle, and will vield 
the following average analysis : T.C., 2-40°, : Si, 1-35°, : 
Mn, 1-0°%, : S, O-11°,, and P, 0-13°,. In the meantime 
the 72-in. diameter cupola is melting, for normal production 
work, the burden consisting of pig and scrap iron, a soft 
iron of the following analysis: T.C., 3-25°,,: Si, 2-40° ; 
Mn, 0-55°,, : S, 0-10°,, and P,O0-35°,. A pre-determined 
amount of this soft mixture is run into a crane ladle, 
suspended from a crane scale, and is then poured into the 
ladle containing the hard iron from the 54-in. cupola. 
The resulting analysis of this mixture on the basis of four 
tons of hard iron to one ton of soft iron is roughly as 
follow: T.C., 2°-50-2-65% ; Si, 1-50-1-70° Mn, 
0-90-1-10°,, ; 


S, O- L1-0-18°,, and P, 0-15° 

This iron is used for castings that operate at pressures 
up to 1,500 Ib. per sq. in. on oil, and petrol, and which are 
tested up to 3,500 Ib. per sq. in. These castings weigh from 
500 Tb. up to 3,000 Ib. The wall thickness of the cylinders, 
valve boxes and piping details, average from 2 to 2} in. in 
thickness, with valve deck sections as thick as 3 and 4 in. 
Irons of this iype show a markedly uniform structure 
across a fracture, and their suitability for pressure castings 
is shown by the fact that a cylinder tested to destruction 
withstood a pressure of 6.000 Ib per sq. in. before it failed. 

The tensile strength, taken from test specimens cut 
from walls of actual castings, runs from 17-8 tons per sq. 
in. up to 21-4 tons per sq. in. The Brinell hardness varies 
from 207 to 217. A standard 1 }-in. dia. test-bar is grey 
throughout, and castings as thin as Lin. in wall section 
are quite readily machinable. If there be any white iron 
in the fracture of the |}-in. bar it is definite indication that 
the iron is“ off-grade.”” The best results have always been 
obtained when this iron has been melted hot and poured 
as hot as possible. The author is convinced that the hotter 
a cupola-melted iron is poured, the quicker and more 
uniformly it cools through the freezing range. It is note- 
worthy that the author has made many efforts to obtain 
the same results in a single melt, but, however carefully 
the charges have been controlled, the results have never 
reached standard 


TECHNICAL COMMITTEE REPORTS 
Recommendations for Two-Leaded Gunmetals 
Leaded gunmetals are very largely used for a wide variety 

of purposes in engineering practice, and in the absence of 
any standard specification for these, alloys are made by 
the foundry industry to comply with a very large number 
of different requirements of individual purchasers, The 
most widely-known of the gunmetals is the alloy known as 
* Admiralty gunmetal,” for which a specification, B.S.S. 
No. 383, 1930, has been drawn up. The user who requires 
a gunmetal other than that covered by this specification, 
however, and wishes to buy on analysis and physical 
properties, is faced with the problem of drawing up his 
own specification or of adopting some other specification 
which may not be quite suitable for a particular duty, or 
may be deficient in one or more particulars which should be 
in every specification for a cast alloy to ensure material 
of good quality The result has been the production of a 
very large number of specifications of varying degrees of 
suitability. 

In the interests of manufacturers and users the Non- 
Ferrous Sub-Committee of the Technical Committee have 
issued a Report in which is considered the standardisation 
of suitable compositions of lead sd gunmetals, which would 
provide recognised and generally used materials for duties 
when a gunmetal cheaper than Admiralty gunmetal 
would meet the needs adequately and possibly more 
effectively. Two compositions are given which are indicated 
in the following table showing the physical properties it 
is recommended be specified as a minima for these alloys ; 
B.S.1. Specification No. 3831930, is included for compari- 
ton. The Report also contains the results of large numbers 
of tests carried out in various bronze foundries on selected 
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alloys. In order that the results obtained in different 
foundries should be comparable, special forms of test-bar 
designed to give reproducible results were devised, and the 
details of these test-bars, together with reasons which led 
to their adoption, are also indicated. 


GUNMETALS.—PuysitcaAL PROPERTIES. 


Maximum 


LB.F. stress. Elonga- 


designa- Specification. Tons per tion. 
tion. sq. in. Per cent. 
Min. Min. 
G.M.1 ‘Admiralty Gunmetal or’ B.S.I. 
383/30 (88: 10:2) co.cc... 16 8 
G.M.2 |87:9:3: 1 Gunmetal ............... 14 
G.M.3 85:5:5:5 Gunmetal néentee beede 12 12 


Material complying with the above tensile tests may be expected 
to give the following other physical properties : 


Brinell 
hardness, Density 
L.B.F. 10 mm. (machined 
designa- Specification. per speci- 
tion. 1,000 kg. mens). 
G.M.1 Admiralty Gunmetal (88: 10: 2), 
or B.S.1. 383,30 picpeedaliaiol 65 8-50 
G.M.2 87:9:3:1 nauieaqiediads 65 8-50 
G.M.3 (85:5:5:5 ; nibenedansntoakan 60 8-55 


Dimensional Tolerances for Castings 
(With particular reference to malleable cast tron) 


Modern methods of mass production and machine-shop 
practice, together with the highly competitive spirit which 
is present in the engineering world to-day, have established 
a need for greater precision in the making of castings. 
Difficult situations often occur between the castings 
producer and the consumer because of the difference of 
opinion as to what is a reasonable degree of accuracy. 
Unfortunately, the question of accuracy to dimensions 
does not usually arise unti! after the castings are made and 
supplied to the customer, when the position naturally 
becomes troublesome to both parties. In 1933 the Malleable 
Sub-Committee of the Technical Committee gave some 
attention to the subject of dimensional tolerances in its 
Report before the Newcastle Conference, and this report 
has formed the basis of a further consideration of the 
subject. 

Many variables are introduced by production methods, 
and it is generally appreciated that, in spite of the founders’ 
anticipation and his precautionary measures, there are few 
castings produced which do not exhibit some dimensional 
inaccuracy, large or small, attributable to one or more of 
many factors arising in production. Any attempt to define 
tolerances acceptable to both founder and consumer is 
fraught with considerable difficult. It has already been 
shown that castings can be produced which show com- 
paratively small individual variations, but which may 
seriously digress from the contraction rule. Economic 
considerations are bound to limit the amount of experi- 
ment work done on any particular pattern, according to 
the quantity of castings to be produced and the equipment 
which is available. The Committee felt, therefore, that 
although certain tolerances may be laid down for what 
might be termed “repetition ’’ work, yet considerably 
wider tolerances should be allowed for small quantity 
orders, and also on patterns which are supplied by the 
customer. 

Even so, in both repetition and non-repetition classes, 
there are bound to be cases where special circumstances or 
peculiarities of design will result in exceptional amounts 
of variation from the pattern size. It is felt, however, 
that it would be impracticable to attempt to cover every 
possible variable, and that such cases, when they occur. 
must be subject to special consideration. 











moe Minty? pet 


bF 
f 
=. 














he tet a hh 











JuNE, 1936. 


METALLURGIA 43 


Cast Iron and the Engineer 


An account of some early researches was given by Professor A. L. Mellanby, 
in the Edward Williams Lecture delivered before the members of the Institute 


of British Foundrymen in Edinburgh, 


on June 11, to show the difficulties 


that had to be overcome by the manufacturers of the early marine oil-engines 
in which the phenomena of growth, strength at high temperatures and resistance 
to wear in cast iron were problems which involved many experiments and 


investigations. The lecture 


O what extent foundry development is due to scientific 
research it would be difficult to say, but there can 
be no doubt that the foundry industry owes much to 

scientists. They have grappled with problems that 
presented difficulties to the foundryman which seemed 
impossible of solution, and by experiments and investiga- 
tions have smoothed the work of the foundry to such an 
extent that nowadays many fail to appreciate why a 
particular problem was ever experienced. It is interesting, 
therefore, to recall some of the researches which have had 
an important influence on what might now be considered 
normal practice in the foundry. With this object Professor 
Mellanby dealt with an investigation on the qualities of 
cast iron suitable for Diesel engines arising from a request 
by the British Marine Oil Engine Manufacturers’ Association 
in 1917. At that time considerable difficulties were ex- 
perienced in the production of Diesel engine cylinders and 
pistons, as a result of conditions set up in service. The 
work was undertaken by Prof. Mellanby in co-operation 
with Prof. Campion. 

It was recognised that difficulties were likely to arise 
with the cast iron for this type of casting from its growth 
after repeated heatings and coolings, and previous work 
on the growth of cast iron was first considered. In addition 
to growth by certain compositions of cast iron, experiments 
had shown that the high temperature annealing of cast 
iron resulted in the appreciable diminution of both bending 
and tensile strength; thus it was clear that, before investi- 
gating more closely the properties of cast irons, some 
information was required about the actual temperatures 
to which the metal would be subjected under working 
conditions. Available information was also sought on the 
wear of cylinder liners, and particular reference is made 
to a paper by Mr. J. E. Hurst on the subject, presented 
before the Manchester Association of Engineers in 1916, 
in which the employment of low-percentage silicon is 
recommended, the elimination, so far as possible, of 
phosphorus, and the introduction of chromium. In view 
of the many loose statements prevalent at the present time 
upon wear in automobile engine cylinders, Prof. Mellanby 
recommends a careful study of Mr. Hurst’s paper. 

Samples of cast iron taken from engines which had not 
proved altogether satisfactory were examined. These 
were fairly representative of the cast irons used at that 
time in Diesel engine practice. The examination revealed 
that there was no recognised standard of composition or 
strength, that the failures experienced were due largely, 
it not entirely, to the use of unsuitable metal containing 
too much and badly distributed graphite and phosphorus. 
In one or two cases, where iron of fairly suitable com- 
position had been used, want of control in the founding 
rendered it unsuitable for Diesel engine purposes. The fact 
that permanency of size and form and the retention of 
strength at high temperatures depended largely upon the 
‘| \bility of the carbides did not appear to be recognised 
s/ fully as was desirable. 

\sa result of these examinations experiments were carried 
® ! upon an iron of approximately the following composi- 

a: 

Total carbon .. .. .. «- »« 3% 

Combined carbon 0-6 to 0-7° 

Silicon oA ae ; 1-§% 

Manganese oan e We 1-0 to 1-5°, 

Sulphur... te 2 0-08 

Phosphorus — ; ‘ 0-50 


maximum. 


is reviewed in this article. 


In the early stages of this investigation, test-pieces only 
of metal made to the above specification, were used, and 
these were examined very completely in the laboratory. 
The properties to which it appeared necessary to devote 
the most attention were those of (1) strength at high 
temperatures ; (2) growth after repeated heatings and 
coolings, and (3) resistance to wear. It was found that the 
tensile strength diminished as the temperature rose, until 
at some point between 390° F. and 480° F. it had its 
minimum value. With further increase of temperature 
the tensile strength rose until at about 750° F. its value 
was higher than that at atmospheric temperature. This 
indication of a minimum strength at an intermediate 
temperature was quite unexpected, and it was decided 
to investigate this point more closely in future experi- 
mental work. 

The experimental work showed that an iron had been 
produced with a reasonable tensile strength at atmospheric 
temperature and one that did not fall off appreciably in 
strength when the temperature was raised to values 
supposed to occur in Diesel engine practice. The resistance 
to growth was also satisfactory, and microscopical examina- 
tion showed that the repeated heating and cooling had no 
ill effect upon the structure. In order to give the com- 
position a more thorough trial, a liner and piston were 
made and tested under running conditions. 

Thus, to a large extent, the object of the research was 
accomplished. A liner and piston had been produced, the 
material of which maintained its strength at all temperatures 
likely to be reached in oil-engine practice, it showed ex- 
cellent wearing qualities and its growth was negligible. 
The liner and piston have now been working for over 15 
years, and during part of that period they have been 
running under conditions much more severe than occur 
in normal practice. No trouble has been experienced, and 
when last measured the liner wear was negligible. 

This is only a very brief resumé of the early work in- 
volved to overcome difficulties encountered by the manu- 
facturers of the early oil engines. To the younger genera- 
tion it may seem ridiculous that there should have been 
any real problem, and they may wonder why so much 
experimental work was necessary before liner and piston 
cracking changed from common occurrences to far-away 
memories. But with the arrival of any other new set of 
conditions problems of a similar type will again arise and 
experimental research will still be necessary for their 
solution. Fortunately, there is now available, for day- 
to-day difficulties, the staff and equipment of the British 
Cast Iron Research Association, to which the tremendous 
advances in recent years are largely due. 


Steel Plate Prices Advanced 
The first advance in mild steel plates and sections since 
1929 was decided at the end of May, when quotations for 
controlled plates, sections, joists, boiler and chequer plates 
for home delivery were advanced by 12s. 6d. per ton. The 
price for medium plates under j§, for home delivery was 


increased by 10s. Existing export prices were confirmed, 


Electromagnets’ New Address 
Electromagnets, Ltd., inform us that owing to the growth 
of their business, removal to more commodious premises has 
been necessary, and in future their address will be 48, High 
Street, Erdington, Birmingham. Telephone : Erdington 1203. 
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Reviews of Current Literature 


Der Aufban der Zweistofflegierungen 
It is now more fully recognised that in work undertaken 
to improve the properties of given alloys, or to devise new 
compositions especially adapted for particular purposes, 
the proper point of departure is the equilibrium diagram. 
It is as a result of studying the constitutional relations, 
rather than of random experimental work, that future 
advances in alloy development are to be expected. This is 
appreciated more as the great complexity of modern 
physical metallurgy is fully realised, because such a know- 
ledge emphasises the necessity of finding out what is known 
before experimenting in a particular field of alloy develop- 
ment. It will be appreciated that if the internal structure 
of each of many alloys possible between two given metals 
had to be described as a number of phases and the com- 
position and mechanical arrangement of each phase after 
cooling to room temperature, it would involve very lengthy 
descriptions or tabulations. If the structures of each alloy 
changed with the temperature, as is usual, and if the 
structures at other temperatures than room temperature 
were also necessary, the tabulation would be almost an 
impossibility. These descriptions, however, can be in- 
corporated in a simple diagram and, although these 
diagrams are very diverse in appearance, they conform to a 
general law, known as Gibbs’ phase rule. 

Some idea of the extent to which constitutional diagrams 
have been developed is presented in this book by Dr. M. 
Hansen, who has compiled a wealth of detailed information 
on the constitution of binary alloys. Including the dual 
indices, the book is of 1,100 pages, and has no less than 
156 constitutional diagrams. The text is fully compre- 
hensive, and forms a most valuable work of reference for 
all interested in the constitution and application of binary 
alloys. The diagrams give the results of recent investiga- 


tions, and in some instances indicate the desirability of 


further investigations ; a detailed list of relative literature 
is appended to the majority of sections. 

The first index, at the front of the book, details every 
binary alloy by its symbols from Ag—Al to W—2Zr, 
and the thoroughness of compilation can be gauged from 
the fact that each combination has been given in alpha- 
betical and numerical order, and appears in the book in 
the same order. The rear index is a cross-reference showing 
n alphabetical order, 


the various clements by name and 
with the alloying elements associated with them, 

The diagrams illustrated are based upon or reproduced 
from the latest investigations, and many embody recom- 
mendations by the author The work is exceedingly well 
prepared and admirably produced, and it can be recom- 
mended with confidence to all metallurgists possessing a 
knowledge of the German language. It will be invaluable 
as a work of reference on binary alloys and especially to 
those studying the constitutional relations with a view to 
further investigations on alloy development 

By Dr. M. Hansen, published by Julius Springer, 

Linkstrasse, 22-24, Berlin, W.9, Germany. — Price 
RM. 87, 


An Introduction to the Metallurgy of Iron 
and Steel 

THE literature devoted to metallurgy, particularly that 
dealing with iron and steel, is rien, and for those concentrat- 
ing on this section of the science, very comprehensive : 
but there is a scarcity of books to which the engineer can 
turn for brief, reliable information regarding the funda- 
mentals of iron and steel making. It is to supply this need 
that this book has been primarily written ; and, since the 
metallurgy of iron and steel is becoming increasingly 
complex, the author is justified in believing that the 
engineer should have, at least, some metallurgicall know- 
ledge of the materials which form the basis of his work. 

A useful introductory chapter deals with the historical 
and economic background of the iron and steel industry. 
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Subsequently, the chemical and physical principles and the 
raw materials of the iron industry are discussed briefly 
leading to a brief consideration of the blast-furnace and, 
the manufacture of pig-iron. Chapters deal with the 
foundry ; the manufacture of wrought iron ; the various 
steel-making processes, including the cementation and 
crucible processes, as well as the Bessemer, open-hearth 
and electric processes ; the manufacture of commercially 
pure iron ; ingot and ingot making ; the mechanical treat- 
ment of steel ; the composition, structure, and physical 
properties of iron and steel: and heat-treatment. 

This book is well prepared, and in addition to being 
helpful to engineers, who should be familiar with the iron 
and steel they use, it will be particularly useful to students in 
engineering schools and colleges; to the men who work in 
the various sections of the steel industry it will also prove 
interesting and informative. This is a second edition, 
the original book having been published about seven years 
ago, and in view of many developments in the industry 
during that period, the author has endeavoured to give a 
brief description of what are considered to be the most 
important. All statistical tables have been brought up 
to date as nearly as possible, and several charts of pro- 
duction curves have been substituted for statistical tables. 
In the blast-furnace section a description has been given 
of the Hopkins electrical rotary mud gun; reference is 
also made to certain changes in operation such asslow blowing 
the blast-furnace. The Brackelsburg melting furnace is 
described in some detail. The production of wrought iron 
by the Byers-Aston process is described, and additional 
matter on electric melting furnaces is given. 

This book, which contains some 550 pages, is profusely 
illustrated and well produced. 

By H. M. Boytsron, B.S., A.M., Met.E. Published by 

Messrs. Chapman and Hall, Ltd., Henrietta Street, 
Covent Garden, London, W.C.2; and Messrs. John 


Wiley and Sons, Inc., New York, U.S.A. 


New and Delicate Tests for Tin 

Two technical publications just issued by the Inter- 
national Tin Research and Development Council deal with 
new reagents for the detection of tin. Series A, Number 40, 
a reprint of a paper read before the Society of Public 
Analysts by Robert E. D. Clark, M.A., Ph.D., gives the 
methods of using the reagents, and Series A, Number 41, 
the methods by which they may be prepared. 

The reagents are 4-chloro- and 4-methyl- | : 2 dimercapto- 
benzenes. The formation of a red compound with either 
of these reagents constitutes a specific and very delicate 
test for tin. The main advantage over the only other 
sensitive tests is that the latter depend upon the reducing 
effect of stannous chloride and are vitiated by the presence 
of many other reducing agents. 

When a few drops of a 0-2°, solution of these mercaptans 
in aqueous sodium hydroxide solution are added to solutions 
of less than 15°, of hydrochloric acid containing not less 
than one part in a million of tin, and the mixture is warmed, 
a pink or red colour develops in a few seconds. Stannic 
tin is less sensitive, so reduction with thioglvcollic acid 
beforehand is advised. With the methyl derivative the 
colour is developed more rapidly than with the chloro 
derivative. The only other element which was found to 
give a red colour with the reagent was bismuth, but this 
was brick-red, instead of magenta. The test can be applied 
to the ammonium sulphide filtrate in Group ILb., after 
acidifying, in the presence of antimony and arsenic, which 
at first form a yellow precipitate, which becomes red on 
adding excess of the reagent. These reagents can be used 
for the colorimetric determination of tin with good results. 

The second technical publication gives laboratory details 
for the preparation of these specific reagents for tin by the 
most economical methods, 

Copies of the above publications may be obtained free 
of charge from the International Tin Research and Develop- 
ment Council, Manfield House, 378, Strand, London, W.C. 2. 
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Modernising 


METALLURGIA 45 


the Foundry 


Recent years have seen considerable progress in the application of mechanical aids to the 
production of castings. For certain types of products almost complete mechanisation 
has been proved possible and the economies effected in the production of high-grad: 


castings have been most marked. 


In this article particular reference is made to 


developments made or in progress in some foundries visited in connection with the 
Scottish meeting of the Institute of British Foundrymen. 


HILE there has been remarkable progress 
in recent years in the development of 
casting metals and alloys to meet more 

exacting conditions in service, there has also been 
an inereased tendency to facilitate production by 
mechanical means. Formerly, it was customary 
to devote particular attention to the proper 
equipment of those departments which were 
responsible for the finished product, such as the 
machine-shops, and the claims of the foundry 
were frequently overlooked. This was probably 
due to the practice of obtaining castings from 
general or jobbing foundries, but, with engineer- 
ing works showing a tendency to make their own 
castings, the possibilities of introducing suitable 
plant and machinery to improve and increase 
production began to be investigated. Progress 
was slow, partly because it was thought that the 
foundry offered little scope, and partly because 
the foundryman, as a rule, is very conservative, 
due no doubt to his ancient ancestry. Gradually, 
however, it became apparent that the enormous 
amount of material to be handled in the production 
of castings could profitably be handled mechanically, and 
during comparatively recent years a change has_ been 
effected which, in the case of some foundries, can be said 
to be of a revolutionary character. 

Economie conditions and the development of other 
processes, the products from which are competitive with 
castings, have had some influence in causing many foundries 
to be modernised, although the extent to which any one 
foundry can be mechanised depends upon many factors, 
not the least important of which being the quantity, size 
and character of the castings to be made. When production 
is standardised it is a comparatively simple matter to make 
suitable arrangements whereby much of the heavy work 
is done by machinery ; this does not necessarily mean that 
the workmen have an easier time, but that their energies 
are concentrated upon those operations which cannot 
profitably be carried out by mechanical means. 

In any modernisation scheme a foundry must be con- 
sidered a unit, because as the size of castings produced 
increases, and the greater the range, mechanised methods 
become increasingly difficult to apply, since the number 
of similar castings is reduced, and it is doubtful whether 


a particular installation suitable for the production of 


large quantities of smaller castings would be profitable. 
in some foundries a section may be equipped to deal with 
mass production on a fully-mechanised plan in which the 
work, from sand preparation to final casting, is more or 
less automatic and continuous. On the other hand, the 
work of a foundry may vary much in character, and castings 
ma\ be produced covering a range of many tons, in which 
the installation of suitable plant and machinery is a more 
dif cult problem. Such a foundry is that of Babcock and 
W ox, Ltd., at Renfrew, where high-pressure steam- 
ye! rating and subsidiary plants are a speciality, involving 
th manufacture of riveted and fusion-welded drums and 
th machinery of solid forged drums. 


Producing Castings for General Work 
_ iis foundry is under general reorganisation, and it will 
be iseful to consider the plant and machinery installed 











A continuous casting plant in the reorganised foundry of Messrs. Babcock 


and Wilcox, Ltd. 


with a view to the better appreciation of what can be done 
in a foundry producing a miscellaneous class of castings 
both as regards shapes and weights, averaging about 600 
tons per week. There are no calls, however, for very heavy 
castings, and about three to five tons weight are about the 
heaviest iron castings required. The bulk of the castings 
are much lighter in weight, these being used for stoker 
parts, conveyors, cranes, and the many other products 
manufactured at this firm’s Renfrew works. A special 
department of the foundry is devoted almost exclusively 
to the manufacture of Bailey blocks and their clamps. 
These are now used for furnaces of modern steam-generat- 
ing plants, and are made from a special mixture of cast 
iron. 

The new iron foundry, when completed with the new 
extensions now in progress, will be 512 ft. long by 256 ft. 
wide, arranged in four bays. In this foundry the existing 
four 10- to 12-ton cupolas, and one four-ton cupola, which 
is used for malleable cast iron, will be re-arranged in one 
line and will have the loading platform extended, and these 
cupolas will be served by a new mechanical charger. At 
present two of the larger cupolas have already been con- 
verted to the balanced blast system, and it is intended to 
convert the other two in the same way. With the balanced- 
blast system there is a better distribution of the blast, 
and this results in obtaining a more uniform temperature 
of the metal being melted, and also in economies in other 
directions. 

In the iron foundry there is an ‘* August’s ” sand-mixing 
and preparation plant, consisting of two mills, elevator, 
riddle, magnetic separator and double hopper, so that 
either dry sand or green sand can be put into either mill. 
Old sand is treated in this plant, and, after mixing and 
preparing with fresh sand, it is ready for use in the foundry. 


Coremaking Plant 
The coremaking plant was recently entirely re-organised ; 
it comprises a heating and drying retort for the reception 
of the fresh core sand, and when the sand passes through 
this retort it is elevated and put through another retort 
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One of the fusion welding shops at Messrs. 


so as to cool it. From thence, the sand is collected in a 
skip-hoist which empties the sand into a mixing mill, and 
after the required amount of core oil has been added the 
sand is thoroughly mixed up in the mill, and, later, is 
deposited into service bogies from which supplies of the 
prepared core sand are obtained. 

The cores are made by gir! labour who work within 
two paths of a roller track, each coremaker having a re- 
ceptacle containing core sand and having the usual core- 
making appliances at their command, including special 
machines for filling the core boxes. The finished cores, 
when laid on trays, slide easily along roller paths to the 
drying stove Inside this stove there is a travelling con- 
veyor with trays which carry the cores round the drier 
circuit, whitst being dried by hot air all the time. The 
time taken to pass the drier is about 2} hours, and the 
output of the plant can reach about 6,000 cores per day. 
Once the cores are removed from the drier, they are cooled 
off ready for use. 


Continuous Casting Plant 


In the new foundry there is installed a large and modern 
continuous casting plant equipped with a sand-mixing and 
preparing plant erected at one end. Alongside the con- 
veyor are nine hydraulic moulding machines having a 
sand-supplying conveyor and hoppers above each machine, 
the whole scheme being laid out to enable rapid and con- 
tinuous moulding, pouring and discharging of the sand 
and castings. 

The moulds, after leaving the moulding machines, are 
placed on the conveyor carriers and travel to the filling 
platform, where they are filled with the hot metal. Near 
to the remote end of the conveyor the conveyor carriers 
are automatically tilted, and the moulds, containing the 
castings, are discharged on to an inclined conveyor. The 
sand and castings travel on, being elevated by this con- 
veyor, and are then discharged on to a shaking grid through 
which the sand falls on to the cross conveyors and elevating 
conveyors beneath the floor level. From thence the sand 
is elevated to the mixing and preparing plant, and from 
which fresh supplies of prepared moulding sand are 
delivered to the conveyor over the moulding machines. 

The castings, when discharged from the grid at the end of 
the conveyor, are collected in containers and are removed 
meantime by small motor-trucks to the dressing shop 
later it is intended to have a runway arranged to deal 
with the castings. This continuous casting plant with all 
the moulding machines in operation has a capacity of 
about 500 to 550 moulds per hour. 

It is intended later to duplicate the continuous moulding 
plant by installing another conveyor with its complement 
of moulding machines, etc., and for this purpose the sand 
preparation plant has already been installed to enable 
this duplicate plant to be operated. 


Babcock and Wilcox, 
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Wheelabrator Dressing Plant 


The castings from the continuous moulding 
plant are cleaned in a wheelabrator. This plant 
consists of a chamber within which is a slat 
conveyor which raises the castings and cascades 
them over one another, whilst at the same time 
a fan creates a strong blast mixed with metal 
particles which gives a sand-blast effect to make 
the surface of the castings clean. On an average, 
8 ewt. of castings are put into the wheelabrator at 
each charge, and after the machine is closed up 
and the blast is turned on it takes about five 
minutes to clean the surfaces of the castings 
thoroughly. 

Steel Foundry 


Like the old iron foundry, the present steel 
foundry is being completely re-arranged. A large 
extension is now in progress, and ultimately the 
steel foundry will be 330 ft. long by 75 ft. wide. 
It will be equipped with three electric furnaces, namely, 
one of three tons and two of 14 tons capacity. These 
new electric furnaces will be of the three-electrode type. 
At present there are three electric furnaces, one of 30 ewt., 
one of 23 ewt. and one of 15 ewt. capacity. 


Ltd, 


The castings are carefully annealed in gas-fired furnaces, 
which are kept under constant control as regards tempera- 
tures, so as to leave the steel castings in a thoroughly 
annealed condition. During the steel-melting operations 
all stages are carefully watched, and check analyses are 
made of each cast. The small 15 ewt. capacity furnace is 
used for making special alloys such as ‘ Calmet,” which 
contains a large proportion of nickel and chromium in its 
composition. 

The heaviest steel castings produced from this foundry 
at the present time are round about 15 ewt., and on the 
average from 30 to 40 tons of steel are melted each week. 
The steel castings are required exclusively for the firm’s 
own use for such purposes as valve bodies and covers, 
pressure castings for steam ranges, such as tees, bends, 
ete., also miscellaneous steel castings for crane work and 
other purposes, including gear-wheels, brackets, and cast- 
ings of a similar nature. 

These iron and steel foundries are under expert super- 
vision and scientific control as regards the operations of 
moulding, melting and casting, and the laboratory and 
research departments are in constant touch with the 
foundries with respect to all analyses and test requirements. 


Producing Castings for Hydraulic Machinery 

Another typical works in which there is a considerable 
range of castings produced are those of Messrs. Glenfield 
and Kennedy Ltd., at Kilmarnock. Established in 1852, 
this firm is now claimed to be the largest in the British 
Empire specialising in the control of water. Their manu- 
factures consist primarily of pumping machinery, hydraulic 
plant, sluice gates, weir shutters, etc., for irrigation and 


General view of part of light foundry at Messrs. Glenfield 
and Kennedy Ltd. 
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her purposes, water meters, valves and 
classes of waterworks fittings and 
ypliances. 

Two modern foundries are employed 

r the production of grey iron castings: 

e light foundry which is equipped for 
the mass-production of castings in green 
sand, in which the average weight is about 
2 ewt., and the heavy foundry producing 
large castings in dry sand and loam up 
to 30 tonsand over. The weekly capacity 
of these foundries is about 400 tons. 

In the light foundry the bulk of the 
production is obtained by machine mould- 
ing, whilst inthe heavy foundry extensive 
use of a sand slinger is practised. All the 
moulding sands used are under routine 
control, and in the case of the light foundry 
supplied from a modern central sand- 
treating plant. 

The foundries are serviced by a battery 
of four cupolas, fitted with automatic 
charging, and one tilting furnace for 
special alloys. Many corrosion problems 
are associated with hydraulic engineering, 
and at these works recent developments 
in alloy cast irons are taken advantage of, and a con- 
siderable tonnage of austenitic nickel, nickel-chromium 
and copper-chromium irons are produced, 

The majority of the cores employed are produced from 
oil-sand compositions in a large core shop adjacent to the 
light foundry. Most of the cores are made by hand by 
virl labour and a core-blowing machine has been recently 
installed. 

Brass Foundry 


In regard to non-ferrous alloys a weekly output of 


between 15 to 20 tons of small castings is produced em- 
bracing aluminium and manganese bronze, brass, gun- 
metal, nickel silver and special nickel bronzes. Castings are 
made in both green and dry sand, and the majority have 
to resist water pressure. In certain instances test pressures 
up to 3,000 lb. per sq. in. are employed, which calls for 
particular care in casting manufacture. 

Metal is melted in crucible furnaces of both the pit and 
tilting type and employing both coke and oil for fuel. At 
the present time this department is being modernised and 
extended. 


Machine-tool Manufacturing Foundry 


Conditions differ somewhat in the production of castings 
for machine tools, and the foundry of Messrs. John Lang 
and Sons, Ltd., of Johnstone, who specialise in the manu- 
facture of lathes, is typical of this type of product. In 
this iron foundry the weekly average of finished castings 


General view of the interior of the foundry at Messrs. 
John Lang and Sons, Ltd. 
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Extensive use is made of the above sand slinger in the heavy foundry of 
Messrs. Glenfield and Kennedy Ltd. 


is about 50 tons, ranging from small castings of about 
5 lb. to casting of 33 ft. in length and six tons in weight. 
With a range of this character and a smaller output 
mechanical equipment applicable to other types of foundries 
are not a commercial proposition; at the same time the 
foundry is equipped on modern lines. 

This foundry is served by two balanced-blast cupolas, 
one 45in. diameter and the other 32in., and both are 
arranged for continuous tapping. The cupola staging is 
loaded by a five-ton electric jib-crane, using three-ton 
skips, and the cupolas are charged by hand. Molten 
metal is transported across the foundry on bogey trucks 
and then served by overhead travelling cranes. 

The foundry is 240 ft. long by 150 ft. wide, which is 
divided into eight working bays. Three forced-draught 
bogie stoves for mould drying are installed, two having a 
mould or core capacity 24 ft. by 12 ft. by 10 ft. These 
stoves are arranged with pyrometer control. Facing sand 
is prepared by an “ August No. 2” de-silting, riddling, 
magnetic separating and mixing plant, which is installed, 
having a capacity of 24 tons per day. The core shop is 
equipped with a Coleman core-blowing machine, and a 
Rotoil mixer. Owing to the wide range in the size of casting 
produced, fitting is largely done by hand, though a 9 ft. 
rumbling barrel is installed, and a battery of carborundum 
wheels is in constant use. 

Facilities are provided for cast iron and steel analysis 
and, in addition to the analysis of raw materials, an analysis 
is taken of every lathe bed, while daily samples are taken 
from ladles of metal for general castings not subject to wear. 
The equipment in the laboratory includes a metallographic 
section with a Vickers’ projection microscope, hardness- 
testing machines, etc. 

Each foundry described shows substantial development 
in recent years, but the production problems involved 
differ considerably, necessitating different methods for their 
solution which determine the extent machinery and plant 
can be installed with profit. 


The Largest Rolling Mill in the 
Soviet Union 

The largest general rolling mill in the Soviet Union, 
mechanised and equipped with the latest machinery, will 
shortly commence operations in the Dzerjinsky Metallurgical 
Plant of the Steel Trust in Kharkov. The mill will roll sheets of 
steel up to one metre wide and 50 millimetres thick. It is 
designed for an annual productive capacity of 200,000 tons of 
rolled steel. 
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Arc Welding of a Special Steel 





HE welder is frequently called upon to weld material 

of special character with which he may be un- 
familiar. In these circumstances it may not be 
without value to run briefly through one of these from the 
point of view of its welding. 

This material is manganese steel. It contains from 
12 to 14°, of manganese in its composition, and is in every 
way a remarkable metal. It is so ductile that it can be 
bent cold to an angle of 90° without fracture, but is at 
the same time possessed of an extraoridnary work-hardening 
capacity, so that the slightest abrasion of the surface, or 
abrasive wear, renders the surface even harder than it was 
before, and in its ordinary quenched condition it is so hard 
that only the very finest cobalt high-speed steels will 
machine it. Manganese steel is highly sensitive to changes 
in temperature, and if a satisfactory and practical weld 
is to be produced, this particular point will have to be 
closely watched. In other words, the portion of the metal 
heated about the point of welding must be reduced to the 
lowest possible area, and the heating should be as local as 
possible. 

For this reason it is important to know the critical 
temperatures of the steel, which are 1,060° C. and 400° C. 
It is specially advantageous to know these temperatures 
if there is any intention of hammering or forging the weld 
metal after the completion of the operation. Electrodes 


for welding manganese steel sometimes go up to 15°, of 


manganese, and occasionally other elements—e.g., nickel, 
are included in the composition for the purpose of lending 
a superior physical condition to the steel without in any way 
reducing its surface hardness. The nickel percentage is 
from three to five, and the carbon 0-6 to O-8°,. This 
alloy toughens the contact zone of manganese steel close 
to the weld. 

The first steps in welding the material should be effected 
by means of electrodes of small gauge, and it is advisable 
to pause in the work from time to time, so as to preclude 
any possibility of raising the temperature of the steel to a 
point above the critical, thereby overheating it. Only one 
layer of metal at a time should be deposited. Manganese 
steel has a greater coefficient of expansion than ordinary 
steel, and therefore, if it is necessary to make joints with 
electrodes of this character, the gaps left must be wider 
than is usual to allow for this expansion. 

Peening of the weld is sometimes desirable as a means 
of lessening the stresses set up in the material by con- 
traction, and rather then that there should be any danger 
of overheating, water-cooling may sometimes be employed. 

Manganese steel can be welded to carbon steel, on the 
assumption that attention is paid to the differences in the 
expansion coefficients of the two metals. It can also be 
used to strengthen other steels, or to take up wear where 
they would fail. It is primarily used for railway and tram- 
way special trackwork, perts of crushing, grinding, and 
dredging machinery, aerop!ane tail skid-shoes, and many 
other parts and purposes. Its electrical conductivity is not 
high. Some tests carried out by the Sheffield Corporation 


Tramway Department on the electrical conductivity of 


manganese steel rails may be of interest in this connection. 
The rail tested was of manganese steel, and weighed 
100 Ib. per yard, being 20 ft. long. On passing a current 
of 250 amps. through the rail, there was a fall of potential 
of 0.16 volts at the end of the rail. This would give a 
total resistance of -00064 ohms. Similar tests were carried 


By L. SANDERSON. 


The wide range of special steels now available necessitates care in fabrication to ensure that 
the most suitable methods are adopted for a particular steel. 
when welding is necessary, and in this article the welding of manganese steel is discussed. 


This is especially important 


out on a tramway crossing made from manganese steel. 
With the same current, it was found that a fall of potential 
occurred amounting to 0-028 volts. This would give a 
resistance of -OQOOI11 ohms. With a manganese steel point, 
the fall of potential was 0-039 volts, giving a total resistance 
of -000156 ohms. As a comparison, on 100 Ib. per yd. rail, 
the electrical resistance without joints was -0241 ohms 
for ordinary steel, -O8448 ohms for manganese steel. 
The drop in volts was 2-41 volts for ordinary steel, and 
8-448 volts for manganese steel. 

Welders should invite the recommendations of the firm 
supplying their electrodes before deciding upon the current 
strength for manganese steel, unless they have the time 
to carry out their own experiments. 

In general, it may be said that small castings are more 
readily welded than large, because it is easier to give them 
a uniform heat-treatment after welding, and easier to quench 
them quickly under ordinary shop conditions. It is advisable 
to prepare the work by bevelling the edges of the casting 
toa V” of about 90°. This is only feasible by grinding. 
Preheating is often desirable, and if this is done, care should 
be taken to see that the casting is properly supported, as 
its character at a red heat is quite different, and it becomes 
brittle, instead of tough. During the actual welding 
operation, no cold air should be allowed to blow upon the 
metal. 

After welding, it is advisable to heat the casting again 
to about 680° C., keep it at this heat for half an hour, then 
quench it in lukewarm water. Pouring cold water on to 
the weld is unsatisfactory, and it is better to plunge the 
entire piece into a water bath. 

Reference has been made to the fact that manganese 
steel can be successfully welded to carbon steel. An 
interesting example of this is the Bargate tramway track 
in Southampton. This is probably the longest length of 
solid manganese steel tramway track in the country. 
Electric are welding was used throughout in the attach- 
ment of the joints. The fishplates were of high carbon steel, 
extra strong, secured by the usual fishbolts, with a seam 
of electric are welding along the top and bottom edges, 
together with a sole-plate under the manganese steel rails, 
also welded into position. Manganese steel metallic 
electrodes were used, and although the two metals were 
entirely different, an effective weld was made which, after 
tests, was found quite satisfactory. 


A New Aluminium Paint Pigment 


Aluminium Union, Ltd., Bush Housh, Aldwych, London, 
W.C. 2, have developed a new aluminium pigment for 
aluminium paint which is known as “ Alpaste.”’ It is claimed 
that aluminium paint prepared from this new pigment gives 
10-20°,, greater covering power, higher opacity and a smoother 
and better appearance than aluminium paint made with 
powder. In addition to other useful properties of Alpaste, its 
highly reflective surface increases visibility, reduces heat 
dissipation and evaporation losses on tanks containing liquids. 
Its uses in numerous industries are explained in a booklet 
recently issued entitled “ Alpaste for Protection.” Copies of 
this booklet may be obtained from Aluminium Union, Ltd., 
at the above address, or at 1000, Dominion Square Building, 
Montreal, Canada; P.O. Box 1435, Shanghai, China; Mr. 
N. Warren Waterhouse, P.O. Box 4080 W., Sydney, Australia ; 
Richardson, McCabe and Co., Ltd., Wellington, New Zealand ; 
Mr. H. A. Moore, Kodak House, Hornby Road, Bombay, 
India. 
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Methods of Estimating Cupola 


Mixtures 


By E. C. ROLLASON, M.Sc. 


Careful mixing of cupola charges is essential to meet the greater discrimina- 

tion of users of iron castings, and in this article methods of making up charges 

are given which are applicable to normal practice, and which will assist in 
providing fluid irons of suitable compositions. 


N cast iron the carbon exists as either graphite or 
cementite, which is intensely hard; and on the 
amount, shape, and distribution of these two forms 
of carbon largely depends the general properties of the 
iron. The factors mainly influencing the character of the 
carbon are :— 
(1) Rate of cooling. 
(2) Chemical composition. 
(3) Presence of crystallising nuclei. 
In this article we have a passing interest in the first two 
Quick cooling tends to harden the iron by the 
consequently, even in a single 


factors. 
retention of cementite : 





= Norma. Coorine. 














% Siricon. 


Fig. 1.—The relation between silicon, carbon contents and the 
microstructure of cast irons. 


casting, the microstructure and hence the mechanical 
properties vary with the cross-section. These effects, due 
to variation in rates of cooling, can be modified, however, 
by alteration of chemical composition. One of the most 
useful elements in this respect is silicon, which tends to 
soften the iron by promoting the formation of graphite. 
Fig. | shows the combination of carbon and silicon contents, 
which produce the various micro-structures of cast iron 
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. 2.— Relation between silicon contents and thickness of iron 
castings 


co. dnormally. The shaded portion gives the compositions 
pr ucing pearlite in thick and thin sections. A rough 


re!. ion between silicon percentage and the thickness of 
th: -asting is shown in Fig. 2. The compositions between 


the (wo curves cover many commercial castings. 


Mixtures.—Although a pig iron of the correct come 
position could be used just as satisfactorily: as a mixture 
of irons, the latter method has the advantage of over- 
coming slight variations in different consignments. In 
practice, a mixture of pig iron and the foundry’s own 
scrap, in the form of sprues, wasters, etc., is usually 
employed, and, in some cases, a quantity of outside scrap 
is bought. Common practice is to use some 50°, of scrap, 
and to adjust the analysis of the mixture by means of the 
pig iron. Before the calculation can be made, however, 
the losses which occur in the cupola must be computed for 
the particular practice. Some average figures are as 
follows : 

TABLE I, 
Steel Mixture. 
Low Silicon. 


Pig Mixture. 
High Silicon. 


Element. 
| 


o 0 
_ oO | 
ee 20—25 10 
Manganese reduced .......... 15—30 lO—15 
Sulphur increased ............ 50 25 
eT ee eee 3—5 3—5 


Examples of various methods of estimating the mixture 
will now be given. 

To find the Proportions of Two Pig Irons and Scrap 
to Give Correct Silicon Content. 

(a) Find Analysis of Metal Charged.—The desired 
analysis of castings is given in Table II, line a, together 
with pigs, Consett No. | and Staveley No. 4, which will 
be used in the first example. The first step is to make 


TABLE II. 


Sili- | Man- | Sul- Phos- 
con. |ganese. phur. | phorus. 
a Desired composition of 
ca nanaenns 2-00 0-85 0-07 0-85 
b| Changes during melting | + 0-22 +0-10 0-017 |—0-042 
c| Composition to be 
GN ae ewewncicwsi 2-22 0-95 0-53 0-808 
d| Consett No. 1 pigiron ..| 2-90 1-00 0-03 0-04 
e| Staveley No. 1 pigiron..| 3-10 0-80 0-035 1-45 
f | Staveley No. 4 pig iron.. 1-50 0-90 0-06 1-45 
g | Own returned scrap, 40%) 2-00 0-85 0-07 0-85 
h| Purchased scrap .. 10%) 1-60 0-80 0-07 | 0-56 
i | Average composition of 
CED. es cscacscssves 1-98 0-84 0-07 | O-+74 
—_— eS —EE _ — 1 —— 
j | Composition of pig mix- 
ture to give (c)...... 2-46 1-06 0-036 | 0-88 


allowances for changes in composition in accordance with 
the data in Table I. Thus, 10°, silicon is lost in melting, 
therefore the final analysis of 2-00° is only 90°, of that 
to be put into the cupola. 

100 


= .990/ — Tr " 
90 Q-22% (placed in Table 


Loss of silicon = 2-00 x 
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2-00 0-22 


manyanese, 


2, line 6), and the total silicon in the charge 
2-22 (line c). Assuming a decrease of 15°, 


; _ 100 
the loss to be corrected is 0-85 » -== 0-10°,. On the 
loo — 15 
25 
other hand, the sulphur is increased by 25°,,—7.e.,0-07 >» 100 
= 0-017°%, (line 6), and this has to be subtracted from the 
desired analysis, which becomes 0-07 0-O17 0-053°,, 


maximum. Similarly, the phosphorus is increased by 10°, ; 
therefore the amount to be subtracted from O0-85°,, is 
5 

0-042°... 
100 " 

(b) Find Average Analysis of Scrap.—Where only own 
strap from previous heats is used the analysis will be 
similar to the finished castings, and the amount will usually 

60°,, of the charge. As an illustration, 
50°, total scrap and 50°, pig is used in the calculation. 
On the other hand, some firms buy scrap from an outside 
source, the analysis of which will have to be found (see 
Table Il, line h). Next, the relative amounts of the two 
scrap metals are decided, such as four parts of own scrap 


0-85 


vary between 30 


and one part of bought scrap. Now find the average 
analysis of the mixture. 
4 
Silicon in own returns 2-0 ~ 1-60 
») 
. . ] 
Silicon in purchased scrap 1-6 - 0-32 
Total 1-02 


The full analysis, found in a similar way, is shown in 
Table I, line 7, and this is used as if it was for one metal. 

(c) T'o find Proportions of Pig Lrons (Consett No. 1 and 
Staveley No. 4).—lt assumed that 50°. scrap 
mixture is to be used, and we now wish to know how much 
of the desired elements has been contributed by the scrap, 
in order to find the amounts to be added in the form of 
pig iron. 


has been 


For ease in calculating take a 100-lb. lot. then amount 
of silicon to be charged into the cupola is 2-22 Ib., and 


’ de 1-98 
amount in the scrap 1-98°. of 50 Ib. < DO 
100 
0-99 Ib. Remainder in pig iron — 2-22 — 0-99 1-23 Ib. 
oO 


in 50 Ib., which is 100 2-46°... Ina more compact 


(100 x 2-22) 


: P (50 
form this would be 


1-98) 
E 2-46°). 
dO - 
Values for other elements can be found in the same wavy 
(line 7). Now the average silicon content of the mixture 
of the pigs is to be 2-46°,; therefore we must use iron 
with silicon above and below this amount, say Consett 
No. 1 and Staveley No. 4 From this stage the amount 
of the two pig irons can be obtained by either formule or 
algebra, or graphs 
ALGEBRAICAL Metuop. 
Let there be, say, 100 lb. of metal in one charge, and 
C lb. of metal from Consett No. 1, then LOO C lb. 
Staveley No. 4 Now multiply these quantities by the 


respective silicon contents. The sum from two pigs must 


equal that required in the mixture. Thus, 100 2-46 t- 
(100 C) 1-5. 246 2-90C bso 1-5 C. 96 1-4¢, 
C 68-5 lb. (Consett No. 1), and (100 C) 31-5 Ib. 


(Staveley No. 4). 

The amounts of phosphorus, sulphur and manganese in 
the charge can now be found by multiplying the above 
weights of pig iron by the respective percentages. 


GRAPHICAL METHOD. 


To find the amounts of Staveley No. 4 (low Si) and 


Consett No. | (high Si) to give 2-46°. silicon in the 
mixture (see Fig. 3): 
(1) Draw base line AB to represent percentage, or 


pounds, of each pig iron in one charge. 
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(2) Draw lines A C, B D at right angles and on opposite 
sides of A B, and lay off on each to the same scale 
some 10 divisions. 

(3) Find the amount of silicon which the high-silicon 
pig iron contains above the desired figure—i.e., 
H — D = 2-90 2-46% 0-44. Plot this on 
line AC at C. 

(4) Similarly find the difference between the desired and 
the low silicon contents, 2-46 1-5 0-96°,, 
and plot this on B D. 

(5) Join points C and D by a straight line, which inter- 
sects A B at X, and gives the proportion of the 
two pigs. 

Even without a graph we could use the formula— 


H D : a . 
°” of low-silicon iron. 
H L 
Higu Si — Desired 
Consett - Dd 
Fig. 3.—Graphical construction 2:9 — 246 = 0-44 


for finding the proportions of two 

















pig irons, { ° nN uw aad wv 
° 
~ 
37 
7 
Pw 
“ @ 
H 
% 
: A 
$ 
wn 
°o 
4 8 
Yd 
; a 2 eo os 
Desinep— Low si (D- Staveley 4) 
246-15 =<0°96 


To Find the Proportions of Three Pig irons to Give 
Correct Silicon and Phosphorus Content. 

At least three pig irons are required to do this, and 
even these must be within a limiting range. In order to 
see whether this is so, Professor Campbell, U.S.A., devised 
the graphical method shown in Fig. 4. 
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can he made from three pig irons. 


Lay off the silicon and phosphorus contents at right 
angles, and plot three points corresponding to the silicon 
and phosphorus contents of each of the pig irons. Join 
the points. The charge can be made up if the triang|: 
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encloses the corresponding contents of the desired compo- 
sition. 

Thus, a composition, 2-46°, 
lies within the triangle at X, and the charge can be 
proportioned to give definitely these two elements. 
Utilsing the methods which follow, similar graphs can be 
constructed for the other elements. 


silicon, 0-88°, phosphorus, 


CALCULATION OF THE AMOUNTS OF THE THREE PIG 
TRONS. 

This is similar to the previous example for two irons. 
Thus, let there be 100 1b. of metal in one charge, and 
C = lb. of metal from Consett No. 1, and S = lb. of metal 
from Staveley No. 1; then 100 — C — 8 = lb. of metal 
from Staveley No. 4. 

(1) Find the silicon in each portion, and equate the 

sum to the total silicon in charge. 
Wt x % 


Si in charge 


100 x 2-46 lb. 
,, Consett No. 1 C x 2-9 
,, Staveley No. | S x 3:1 
,, Staveley No. 4 (100 — C — 8) x 1-5 
Then— 
100 x 2-46 = 2:9C + 3-18 + 1-5 (100 — C —S) 
246 = 2:9C + 3-18S+ 150—1-5C— 1-58 
ee BG a Be onc c tee dasacassesucune (I) 
(2) Do the same for phosphorus. Then—— 
100 x 0-88= 0-04 C + 1-458 4+ 1-45 (100 —- C — 8) 
88 = 0-04 C + 1-458 + 145 1-45 C 1-458 
57 oot 2. Seo er (II) 


In this example C could now be joined immediately, 
because two pig irons have the same phosphorus contents. 
Otherwise equations (1) and (2) should be solved for C and 8. 

C 40-4 lb. (Consett). S = 25 lb. (Staveley No. 1). 
(100 C — 5) = 34-6 lb. (Staveley No. 4). 

To facilitate the mixing, it is advisable to have the same 
amount of one element in two irons, such as 1-45 phos- 
phorus in the example. Then the phosphorus content in 
the charge can be adjusted by mixing 1-45°%, and 0-04°, 
varieties ; but since the Staveley irons have the same 
phosphorus content, they can be mixed in any proportion 
without upsetting the phosphorus calculation. Now, if 
the silicon contents of these two irons are respectively 
above and below the desired value, a mixture can be 
calculated to give the correct silicon percentage. In some 
cases it is necessary to employ four irons, as :— 


Silicon. Phosphorus. 


(1) High High ) 
(2) Low Same as (1) j 
(3) High Low 

(4) Low Same as (3) j 


Phosphorus is, of course, a very suitable element to 
keep constant in one brand of iron of varying silicon 
percentage. For those who do not like algebraical methods 
the following may be employed. 

NON-ALGEBRAICAL CALCULATION FOR Two ELEMENTS. 

Consider a charge of 2,000 lb. (or ewt. if preferred) ; 
then if 50°, scrap is used as before (line 7), we have to 
caleulate the proportions of three pig irons to make 
1.000 Ib. 

|) Correct for Phosphorus (0-808°,). 
2.000 Ib. mixture at 0- 808°, = 2,000 x 0.808 
1.000 lb. scrap at 0-74% 


1,616 Ib.%, 
740 Ib.% 


\;iount to be added in 1,000 Ib. pig iron 876 lb.% 


or percentage 0-88 (compare line j) 
Now weight of high P 


l’esired P®, Low P®,), 


iron weight of irons 


or abbreviating, we have weight 


High P°®%, Low P°®,) 
hich P j Ww D L, 1.000 0-88 — 0-04 
Pe ee ~ Fah ’ 1-45 — 0-04 
0-84 


= 1,000 eT 596 Ib. Weight of low-phosphorus pig 


= 1,000 — 596 = 404 lb. 
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(2) Correct for Silicon (2-22°,).—In order to maintain 
the phosphorus content we must use 404 1b. of Consett 
iron, but we can vary the proportions of the two Staveley 
irons so long as we use a total of 596 lb. 

2-229 Si = 4,440 1b.% 


1-98% Si 


2,000 Ib. mixture 


1,000 lb. scrap 1,980 1b.% 


404 lb. Consett No. 2.9% Si 1,175 
Lb.°% Si required 4,440 3,155 
or percentage 1,285 1,2851b.% 
596 
2-17% 
When weight of high Si iron = total weight of iron x 
5 aS 

















Dp — I, (2-17 1-50) 
or use graphical method ase x S—— 
H i | os (3-10 1-50) 
_ 67 
596 x - 
1-6 
Weights of Staveley No. | 250 lb.; weights of 
Stavelev No. 4 = 596 — 250 = 346 lb. 
Pi 
Sernp PIG 
Low AGH 
Desired Si *246 
Cwrnece —r 1Ocors 
i «6OtCit Re 10 Gots. 
s 8 3 2s 
fis 
10 2 8 fr 2:7 z 
2:3 = 
10 7+ 292 
30 
1 4&4 CTF 3-1 FS 
P — F 
o S$ 8 a 
10 © = l 
i 
10 7 3 : 
1 
10 8 2 ' 
! 
0 9 ! ' 
4 
10 10 O n a :D aii s a i es | 
—~—> 24 #23 #22 «2! 20 19 «#818 oh? se tS 
CHARGE. SIRED. 
% Siuicon om» Low Pig. 
Fig. 5.—Curves for estimating mixtures with 2-46% silicon. 


The complete mixture of 200lb. (or any multiple) 


consists of— 


40-4 Ib. Consett No. Lat 0-04°% Phos.= 0-016 at 2-90% Si 1-17 
25 lb. Staveley No. Lat 1-45% P 0-362 at 3-10% Si 0-77 
34-6 lb. Staveley No. 4 at 1-45% P 0-502 at 1-5 % Si 0-52 


100 Ib. serap at 0-74% 740 at 1-98% Si 1-98 


- 620 Ib. 
As percentage (line c) 0-810% 


Other elements can be checked out in the same way, 
and if the manganese is low it may be increased by additions 
of 80°, ferro-manganese either to the charge or in the ladle. 
Allow for a loss of about 50°. 

If special elements such as chromium are required, the 
weight of temper alloy to give the requisite chromium 
percentage is calculated, and then the lb.°, of the silicon 
and phosphorus can be found and subtracted, as was done 
for the scrap in the last example. 

To simplify the estimation of mixing, Professor Campbell 
also suggested the use of charts made for particular irons. 
These depend on the formula : P = |b. pig iron in a charge 
at x°%, silicon; p lb. low-silicon iron in a charge at 
y%, silicon ; then P — p = Ib. high-silicon iron in a charge 
at 2% silicon. When I|b.°%, silicon in mixture sum of 
lb.°,, silicon in the two pig irons. 


Pxx=pxy+(P—p)z 
, Px Pz p (x2 — 2) 
; y—z y—2z 





a 


For a given practice P can be fixed, say 10 ewt. pig iron 
to 10 ewt. of scrap, and for a given type of casting the 
silicon content can be fixed, and hence x (2-46 in example). 
For a given curve z can be kept constant, and p found for 
different values of y. 


When z 


2-46 
1-50 


3-10) 
3-10 


3°10°%, Si, we have p ] 


4 ewt. low-silicon iron. 
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Now find values. These values are plotted in Fig. 5 as 
curve A BC. Similar curves can be constructed by varying 
the value of z (high Si iron). 

To use the graph, we take two pig irons, say 2-0 Si and 
2-8°,, follow line D E intersecting the 2-8°,, curve at E ; 
then E F gives the mixture as 10 ewt. scrap, 4-3 ewt. low 


silicon, and 5:7 high silicon. Such curves can be con- 
structed for different desired contents. 


Outstanding Welding Achievements 


Important developments in ferrous and non-ferrous welding were stressed by 
Sir Alexander Gibb in a recent address which indicate that the process is making 
considerable progress in this country. 


general meeting of the Institute of Welding, Sir 
Alexander Gibb, G.B.E., C.B., F.R.S., referred to the 
investigations and research being carried out by the Science 
and Technical Development Committees of the Institute, 
the results of which are likely to have far-reaching effects 
on technique and method. He mentioned that these 
committees are completing detailed analyses of the problems 
brought forward for consideration by the scientific and 
technical papers presented at the Symposium on the Weld- 
ing of Iron and Steel* last year. Their reports will be 
published shortly, with suggestions as to the problems 
that most urgently require attention, and the lines of 
research and development that it would seem desirable to 
follow. In the course of his address Sir Alexander gave a 
brief account of a few outstanding achievements of the 
last year, the erection of the steelwork on the Bank of 
England, for instance, electric-are welding being used to a 
considerable extent, mainly to avoid the noise of riveting. 
The new entertainment hall at Bexhill, which, at the 
present time, is the largest all-welded building constructed 
in this country. An all-welded power and turbo-blower 
house was erected at the Clyde Iron Works by the Colville 
Constructional Co., Ltd., and the welded steelwork was 
completed of the first section of an eight-storey block of 
940 flats at Leeds 
The shipbuilding industry has maintained the rate of 
extension of electric-are welding to naval construction, and 
both the scope and amount of welding have been further 
expanded, All-welded barges, trawlers and tankers have 
been constructed during the past year and, of these, the 
a tanker built by Messrs. Swan, Hunter 
for Canadian owners— is 


ie his presidential address to the thirteenth annual 


* Franquelin ” 
and Wigham Richardson, Ltd., 
the largest all-welded ship built in this country to date. 
At the same time, in addition to the general increase in 
partially-welded construction, special applications have also 
shown a marked increase, for instance, the use of welded 
joints to obtain flush decks on liners; to ensure gas 
tightness on fruit ships and refrigerated carriers ; to pre- 
clude leakage in oil and water tanks on all classes of ships ; 
and in seatings to minimise vibration. 

The ships in course of construction for the British and 
foreign Admiralties show a still greater advance in welding, 
class by class. The destroyers and cruisers, consisting of 
both mild and alloy steel, galvanised and black, have a large 
proportion of their structures welded, inclusive of recent 
cruisers with a proportion of welded shell. The new aircraft 
carrier at present under construction shows a marked 
advance in welding over any previous type. The effect of 
the new defence programme will throw a strain on the 
welding resources of shipbuilding yards to maintain the 
advance into new and hitherto unwelded parts of structure, 
while maintaining the quantitative increase necessary in 
the field already being fabricated by this process. 

Without doubt, this latter question is being, and will 
continue to be, tackled by the industry in the manner suited 
to the best traditions of the premier shipbuilding nation 
of the world, 


The use of electric are welding for the purpose of fabrica- 
tion has been gradually increased by the British railways. 
Notable examples of welding include the carriage under- 
frames constructed for the “ Silver Jubilee ” train by the 
London and North Eastern Railway, the construction of 
first-class sleeping cars built for the London, Midland and 
Scottish Railway at their Wolverton Works, and the 
building of a number of special wagons 68 ft. long for the 
London Passenger Transport Board, for the purpose of 
transporting rails up to 61 ft. lengths, sleepers, chairs, 
ballast and other articles necessary for the construction of 
new extensions to the system. In various directions there 
has been much progress made in the application of welding 
to heavy machinery. 

Welding Non-Ferrous Metals and Alloys. 

The electric-are processes also are being applied to 
metals such as aluminium and nickel, which formerly were 
outside their field of efficient application; and great 
improvement in coated electrodes for these metals has 
been made, particularly in the direction of gas-shielding. 
It is in the resistance-welding field that the greatest strides 
have been made with non-ferrous materials. The develop- 
ment of vastly improved methods of controlling the 
welding time and current have changed the whole perspec- 
tive of this field. With the new type of control it is possible 
to spot-weld or seam-weld metals of high conductivity 
such as aluminium, and age-hardened alloys such as duralu- 
min. Improved contact-tip materials have made it possible 
to spot-weld copper. 

One of the most important developments in non-ferrous 
welding is the appearance of new, weldable alloys; and 
one cannot omit to mention the gradual, but definite, 
improvement in weldability of the more common materials, 
which has resulted from a closer collaboration between 
producers and fabricators. 

Oxy-Acetylene Welding. 

The oxy-acetylene field has enjoyed further marked 
expansion during the year. This has been particularly so 
in the direction of light gauge copper tube and sheet used 
in plumbing, water and sanitary engineering, in which the 
process known as “ bronze welding” is very extensively 
used. There has generally been much development in the 
oxy-acetylene welding of non-ferrous metals. 

The use of the blowpipe in gas welding is being con- 
stantly extended by constructional work, as in the welding 
of tubular steel for aircraft and light metal sheets used in 
casings, ventilating shafts, etc. In the many variations 
of building-up, reinforcing or hardening surfaces, the 
blowpipe and oxy-acetylene welding process claims 
more and more attention. In repair or maintenance work 
the process finds ready and efficient use in reclaiming 
engine castings In iron, aluminium and the new magnesium 
alloys, and it is being adopted in many cases for building 
up worn crossings, etc., of permanent-way rails so as to 
retain completely satisfactory durability in the treated 
surface. 


* Published by the Jron and Stee] Institute, 28, Victoria Streci, 
London, 8.W. 1 : : 
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Mines 


Several records have been broken in the mining production of Southern 
Rhodesia, and the report for 1935, which is summarised in this article, 
shows how active this area has become, 


activities and results for the year 1935 with satis- 

faction, not only on account of the fact that several 
records have been broken—the most notable being the 
value of the whole mineral production of the Colony, and 
the value of the gold production—but also on account of 
the markedly increased activity which has been evident in 
the mining of base metals. The price of gold has naturally 
been the main cause of the industry’s success in gold 
production, but credit must, nevertheless, be given to the 
enterprise of producers, both large and small, in taking full 
advantage of its high level. 

In 1931, when the general economic depression prevailed 
and when the gold standard was abandoned, an intensive 
search for gold was commenced, not only by prospectors 
and miners, but by many of those engaged in depressed 
industries, and phenomenal activity has ensued since that 
time. Mining Commissioners report that this activity 
still continues, though perhaps not on quite such an intensive 
scale. 

The decrease in the issue of prospectors’ licences, which 
is commented on by the Registrar of Claims in his annual 
report for 1935, is attributable more to the fact that the 
number of licences issued has exceeded very considerably 
the number of licences used, rather than to any serious 
falling off in prospecting activity. It was pointed out by 
the Acting Registrar of Claims in 1934 that the number of 
licences used between the years 1932 and 1934 was exceeded 
by the number of licences issued by 6,025. Generally 
speaking, prospecting activity can still be said to be con- 
siderably above normal, though it is felt that more attention 
should be paid to primary prospecting rather than to the 
reopening of ancient workings and abandoned mines. 
The Registrar of Claims reports that the number of precious 
metal claims current has increased to 103,519—a record 
number since 1911,—whilst registrations of base metal 
claims have increased from 3,867 in 1932, to 6,844 in 1935. 

It becomes more evident year by year that the prosperity 
of Southern Rhodesia in the present trade conditions of 
the world is to a very marked degree dependent on the 
successful exploitation of its large mineral resources, and 
there is no exaggeration in the statement that the other 
industries of the Colony, both primary and subsidiary, 
depend for their expansion and prosperity on the mining 
industry. The future, therefore, of mining becomes of 
paramount importance, not only to the industry itself, but 
to the Colony as a whole, and no channel should be left 
unexplored to encourage and foster its advancement. 

While it may be true that no outstanding occurrences 
have been found during 1935, and while the number of 
mines producing over 10,000 0z. per annum does not 
exceed nine, there are, nevertheless, a very large number of 

maller producers who, under modern conditions, may be 
tid to have a long life of useful production before them, 
nd who, in some cases, may eventually become mines on 
he larger scale. The number of producers in 1935, which 

again a record for the country, gives evidence that the 
iccess of the gold-mining industry is likely to continue, 

id it should be borne in mind that the larger producers 

e found from the ranks of the smaller mines. It is probable 

at 1936 and the ensuing years will show a marked 

lvancement in the production of gold. 

A reference to the report of the Registrar of Claims 

licates that there has been a considerable revival in the 

gging of base metals, and this increase is reflected in the 


"TT mining industry has every reason to view the 


following registrations of base-metal locations :— 


BUSS 6c te te oe «6D 
EUUR 4c tk te ee CUR 
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The chief increase in 1935 is due to considerable pegging 
of tungsten, but, nevertheless, the activity in respect of 
other base metals is marked and progressive. There has 
been an increased output in respect of all chief base metals 
with the exception of mica and tungsten in 1935. 

Chrome, the production of which showed a satisfactory 
increase in 1935, should show a further substantial increase 
in 1936, as apart from the welcome information that the 
leading chrome companies propose to export a larger 
tonnage than in 1935, the Government has been assisting 
certain small producers, who should be in a position to sell 
material quantities during the year. 

The production of tungsten during 1935 dropped to a 
negligible figure, but it is understood on good authority 
that its prospects for 1936 are bright. The newly-found 
fields at Tshontanda have been actively developed during 
the past few months, and production on a considerable 
scale is anticipated shortly. 

Only small parcels of mica were exported in 1935. It 
has always been the view of the Government that there is 
a demand for Rhodesian mica in Europe provided the 
market requirements in regard to grading and cutting are 
observed. It was evident when mica was last produced 
in any quantity from this Colony that these requirements 
were too frequently ignored, and Rhodesian mica gradually 
fell into disrepute. With a view, therefore, to a revival 
of the mica industry, the Government has engaged a grader 
and packer, who has previously been connected with the 
marketing of Indian mica, to assist it in its endeavour to 
rehabilitate the industry. 

The increase in asbestos during 1935 is most encouraging, 
and so far as information is available progress is likely to 
be maintained during 1936. 

That there are in Southern Rhodesia a large number of 
promising prospects which should attract capital, and 
which would, properly developed and handled, repay the 
investor handsomely, is undoubted, and it is hoped that the 
signs which are already evident that some of the financial 
houses in South Africa and elsewhere are turning their 
attention to the mining fields of Southern Rhodesia will 
materialise during 1936. It has already been mentioned 
that the propsects of a number of the mines which have 
reached the sulphide zone have been improved by flotation 
and other improved modern methods of extraction, and 
with these methods it may be that Southern Rhodesia 
goldfields will prove an attractive investment for 
capitalists in the near future. 

To encourage primary prospecting, which in the opinion 
of the Government is not receiving sufficient attention, a 
provision was made in the new mining law by which a 
cash reward is offered to the finders of new mines which 
are not within 25 miles of any existing properties. The 
Government has further under consideration the despatch 
of approved prospectors to selected areas for the purpose 
of undertaking primary prospecting. It is suggested that 
for sake of the future of the industry, more primary pros- 
pecting should be undertaken by leading mining companies 
and others, and that the attention of prospectors should not 
be confined entirely to ancient workings and the reopening 
of abandoned properties, 





54 METALLURGIA 


An aerial survey was undertaken by the Government in 
an area between Chagari and the Golden Kopje Mine, and 


the photographs have been submitted to the Director of 


Geological Survey. It is too early at this stage to predict 
whether these aerial surveys will be the means of finding 
new mineral deposits, but it can be definitely stated that 
they are of very considerable benefit to the Geological 
Department in speeding up the mapping of the country. 
li is proposed during 1936 to send out a party of geologists 
to examine the area which was the subject of aerial re- 
connaisance last year. 

The Government's drilling programme was continued 
during 1935, with a total footage of 10,3034. Since the 
Government undertook its drilling programme, a very 
considerable measure of success has been obtained, and 


the programme has been the cause of the reopening of 


some properties which had ceased working. The number 
of holes bored during 1935 was 33, of which, in the opinion 
of the Government mining geologist, seven can be claimed 
as successful. 

During the year 12 Cornish miners were brought out at 
Government expense and placed on various gold mines in 
the Colony. Two have been found unsuitable, and _ re- 
patriated, but good reports have been received in regard 
to the work of the remainder. It was apparent to the 
Government that there was a lack of skilled miners to cope 
with the increased mining activity, and it was in an 
endeavour to rectify this position that the Cornish miners 
were imported, 

Arrangements for the opening of the mine training 
school in Bulawayo were proceeded with during the year, 
and the first term of this school is to commence in January, 
1936. The advertisements calling for students met with a 
far more satisfactory response than was originally anti- 
cipated, and the number of students for the first year’s 
course has been increased from 15 to 30. The purpose 
of the school is to train miners for emploment on mines 
in Southern Rhodesia, and the school has been equipped 
to give the pupils a sound technical training. Practical 
experience will be obtained on certain selected mines in 
the Colony after a school course has been completed. 


Mineral Production 


The value of the gold output (including premium) 
amounted to £5,089,962, which is a record for Southern 
Rhodesia. The output for 1935 shows an increase of 
35,129 02. over the 1934 production. The number of 
mines in the highest class—i.e., those producing annually 
over 10,000 0z. has dropped to nine, and the total output 
which is obtained from this class of producer has again 
dropped from 43°74°,, in 1934 to 38-06°, in 1935. The 
number of producers between 5.000 and 10,000 0z. has 
increased to nine, and details are given in the Report of 
the Registrar of Claims of the number of producers con- 
tributing between 2,000 and 5,000 oz., 1,000 and 2,000 oz, 
and under 1,0000z. The amount of premium contained 
in the value of the gold output was £2,019,206. 

The output of asbestos during the year was 42,598 tons, 
valued at £646,657, as compared with the 1934 output of 
32,214 tons, valued at £402,745. The increase in this 
commodity is highly satisfactory, and is likely to be sus- 
tained, 

The declared output of chrome in 1935 is considerably 
in excess of the 1934 figure, being 116,748 tons, valued at 
£145,929, as compared with 79,476 tons, valued at £240,944 
in 1934. The decrease in valuation is due to the fact that 
for statistical purposes the value of the mine is accepted, 
and not the market value. 

A satisfactory increase is recorded in regard to the tons 
raised and the valuation of coal. The figure has increased 
from 708,725 tons raised in 1934 to 765,692 tons raised in 
1935. The increase is no doubt due to better trade condi- 
tions generally in Southern Rhodesia, as well as the activity 
in the Northern Rhodesian copper belt. 
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The Mining Industry of Canada 


N industry producing on each working-day of the 


year $1,000,000 of new wealth is unquestionably of 


value, says the Hon. T. A. Crerar, M.P., the Minister 
of Mines of Canada. Over 80,000 workers were last year 
employed directly, and many thousands indirectly, in 
mining, milling, smelting, and refining operations in 
Canada; whilst annual dividend payments of metal 
mining companies have risen in four vears from $24,000,000 
to $59,000,000. It should be noted that only about 15°, 
of Canada’s total land area is adaptable for agricultural 
purposes ; of there maining 85°, a large part is forested, 
and provides revenue from lumber, pulpwood and furs. 
This large area unsuited to farming is underlain to a con- 
siderable extent with geological formations favourable to 
the occurrence of economic mineral deposits. In a metal 
age such as the present this mineral heritage is of im- 
measurable value. Its successful development in the 
northern hinterland is reflected in a very large part of the 
$310,000,000 representing the total value of Canada’s 
mineral production last vear. In the eastern section of 
Canada’s pre-Cambrian Shield there is a belt 900 miles long, 
extending from North-western Quebec to Winnipeg, in which 
a total of $100,000,000 worth of gold is now being produced 
annually from more than 20 distinct localities. Beyond 
this belt is a great stretch of territory in which the pre- 
liminary work of developing mining camps still further 
north is meeting with success. The “ scouts” of the gold- 
mining companies are bringing back each year information 
which prompts renewed efforts on the part of capitalists to 
transform the wilderness into a possession of national 
importance. 

A country which depends to so great a degree as Canada 
on the extent of her export trade cannot afford to ignore 
the future of the mining industry. A review of this industry 
shows that the Dominion exports more than 90°, of its 
metal output the major item is gold, with nickel and 
copper next in order. In 1935 the combined production of 
nickel, copper, lead, and zine was valued at more than 
$88,000,000. The output of 609,000 tons was not only 
134 times that of 1900, but 21°,, more than that of 1930. 
Of the base metals named 92°, of the production was 
exported. 

Whilst most other basic industries of Canada suffered 
severely during the depression years, the metal-mining 
industry largely escaped this experience. The importance 
of the increased metal production in recent years may be 
judged from the fact that the Sudbury district alone last 
vear had a metal production worth double that of the 
entire field crops of the Province of Manitoba. Mineral 
production is not, like many other industries, seasonal in 
character ; mining operations continue winter and summer, 
day and night, and provide the least interrupted and among 
the most remunerative employment in the Dominion. It 
creates no tie-up of traffic, no period in which the labour 
market is glutted, and no abnormal investment in railway 
rolling-stock. 

Canada’s high place among the world’s metal-producing 
countries may well be judged from the fact that, with a 
population of only 11,000,000, the Dominion stands first 
in the production of nickel, first in platinum metals, second 
in zine, third in gold, third in copper, third in silver and 
fourth in lead. Though this record is remarkable, it is 
merely the forerunner of much greater achievements yet 
to come, as Canada is only on the threshold of its mining 
development—in fact, it is only during the past 20 years 
that serious efforts have been directed towards pushing 
northward the mineral frontier. Canada has the men with 
ability to find and develop mines and to solve the metal- 
lurgical problems incidental to the recovery of the mineral 
products this age demands. It has vast areas favourable 
to the occurrence of minerals, and it has governments 
sympathetic and helpful to the prospector, the miner, and 
the metallurgist. 
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Business Notes and News 
Shipbuilding and Engineering Revival 


Shipbuilding and engineering are participating in a real 
revival, said Mr. W. Westwood in his presidential address at 
the recent annual conference of the Federation of Engineering 
and Shipbuilding Trades ; 1936-37, he stated, is likely to be 
1 boom period in both these industries. The recovery 
developed as the year 1935 progressed, and was maintained 
with increasing intensity during the closing months of that 
year, and still gives promise of continuing throughout 1936. 
British shipbuilding firms booked more merchant orders in 
the last quarter of 1935 than in any half year since 1929. 
There is more naval construction and modernisation work on 
hand than at any time since the war. 

Owners realise that the new “ Economy ”’ vessels offered by 
builders—vessels wonderfully economical in fuel consumption 
and with greatly improved auxiliaries, giving more cargo space, 
more rapid discharging and loading facilities as compared 
with old vessels—are better worth buying than attempting to 
modernise 20- or even 10-year-old ships. 

Foreign competition, said Mr. Westwood, has taken another 
and even more insidious form, which has reduced the building 
of ships to the level of barrier transactions, with no relation 
whatever to normal conditions. In the case of Germany, in 
particular, British creditors have found that because of German 
official restrictions against the export of funds, payment of 
debts due to them could only be obtained indirectly by placing 
orders with German yards. The same system has, of course, 
been applied to other countries, and shipowners in_ those 
countries have also had to obtain ships from Germany as the 
only means of obtaining money due to them. 

Despite the intensity of foreign competition, the latest 
statistics showed that Britain is maintaining her supremacy 
among the shipbuilding countries of the world. Merchant 
vessels under construction in Great Britain and_ Ireland 
continue to show an increase. At the present time over 
1,000,000 tons of merchant shipping is under construction in 
the shipyards of Great Britain and Northern Ireland. Accord- 
ing to the Shipping World these are distributed as follows : 


District. No. of Ships. Tons Gross. 
Se Ge sa 6 ee. ee 4S 78 _ 402,420 
Scottish Outports . wh at 29 ne 52,444 
North East Coast cm xe wh 76 + 341,309 
Rest of England aa 13 on 141,570 
Ee ne i4 sls 97,395 
210 1,035,138 


In addition, sixty-two men-of-war, two of them being for 
Poland, two for Esthonia, and one for Argentina, are under 
construction or on order. 


New Arc-Welded Design Chart 


A new engineering chart which presents in concise form 
data necessary for producing are-welded designs, is announced 
by Lincoln Electric Company, Ltd., Welwyn Garden City, 
England. This chart will be found particularly helpful in 
the drawing offices of companies changing over their products 
from conventional methods to arc-welded construction. 

Data given on the chart include : weld symbols for wiring 
drawings ; illustrations and particulars regarding the 16 types 
of joints for are-welding ; illustrated suggestions for better 
are-welded design ; sketches explaining the nomenclature of 
welds and weld dimensions; a comparison of weided and 

veted drawings ; and tables giving properties of base metals, 
weld metals, electrode metals for hard facing, length of fillet 
veld to replace rivets, and safe allowable loads for fillet welds 

. shear. 

The chart is printed in such a way as to be suitable for 

lueprinting. This permits making copies of the chart and 

stributing its essential data to individual draughtsmen and 
hers concerned with product design. It is 24 in. wide and 
>} in. high, with a metal strip across top and bottom, and 


clip for attachment to wall. 


Thomas Bolton and Sons, Ltd., copper and brass manu- 
cturers, of Froghall and Oakamoor, Staffordshire, who are 
rking night and day, are building new casting and rolling 
ills and machine-shops, at a cost of £150,000. 
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Wales and the Tinplate Trade 


It would be absurd and against national interests, said Sir 
William Firth, chairman of Richard Thomas and Co., in his 
presidential address at the recent annual meeting of the 
Swansea Metal Exchange, to build modern works in South 
Wales. He defended his company’s proposal to put down a 
costly tinplate mill in Northamptonshire, which is the subject 
of a protest to the Board of Trade by South Wales local 
authorities and trade interests. 

Welshmen, said Sir William, should realise that local 
opinions must give place to national needs and be prepared to 
live where production can be most economically effected. 
Northamptonshire and Lincolnshire are undoubtedly natural 
centres for economic production of British steel. The cost 
attainable in those centres, where abundant supplies of ore 
exist, cannot be attained in Wales where the supply of local 
ores is absent. Wales must attune herself to this fact. He 
added that every effort would be made by his company to 
maintain activity in its existing plants in Wales. 


Port of London Dock Scheme 


A programme of improvements and developments to cost 
nearly £12,000,000 was announced recently by the Port of 
London Authority. It provides for new docks, many new 
warehouses and sheds, new bridges, and better road access, 
and the electrification of quay equipment. The programme 
has been drawn up in view of the remarkable increase that has 
taken place in the trade of the Port of London and the poten- 
tialities for a still further increase. It is divided into stages, 
all to be carried out as soon as financial considerations permit. 

In announcing the scheme the Authority says that in 1909, 
the year in which the Port of London Authority was created, 
the net registered tonnage of vessels that arrived at and 
departed from the Port of London was 38,510,989. Last 
year the shipping traffic reached the record of 60,597,315 
tons, an increase of 57%. 


Scrap Shortage 

Considerable difficulty is being experienced by the iron 
and steel industry as a result of scrap shortage. This is 
indicated by the remarkable rise in imports of scrap iron. 
In April, for instance, the imports were 169,685 tons, about 
four times the quantity of the same month last year, while 
those for the four months of the year were 519,713 tons, 
against 138,052 tons during the same period last year. It 
seems that the iron and steel industry is becoming increasingly 
dependent on foreign scrap and had, to the end of April, paid 
£1,426,798 for this necessary commodity, equivalent to over 
£4,000,000 a year. 

Apparently the “ scrap and build ’’ scheme introduced in the 
shipbuilding industry is unable to meet more than a fraction 
of the demand, and as a result unduly high prices are being 
paid for foreign scrap. There seems to be room for a wide 
interpretation by the Board of Trade on what constitutes 
‘** competitive ’’ tonnage so that a greater number of tramp 
vessels would qualify under the scrap and build scheme in 
order that a greater supply of home produced scrap would 
become available to the iron and steel industry. 


New Furnace Installations 

Messrs. Birmingham Electric Furnaces, Ltd., inform us 
that they have received orders from the Alvis Car and Engin- 
eering Co., Ltd.. Coventry, for electric furnaces to carry out 
the whole of the heat treatment at the new Alvis Aero Engine 
factory. The equipment comprises “ Birlec’ furnaces for 
nitriding, stabilising, carburizing and reheating; also for 
the complete heat treatment of steel and aluminium alloy 
forgings and castings. 

Other special furnaces are being installed for the heat 
treatment of high-speed and carbon-steel tools and cutters. 
A number of these ** Birlec ’’ furnaces are of exclusive design 
and are already largely represented in other well-known 
aircraft and automobile factories. 

Orders for electric furnaces continue to increase, and Messrs. 
Wild-Barfield Electric Furnaces Ltd. inform us that in one 
works alone they have already installed 33 furnaces. Most of 
these are large batch type, the remainder mechanically 
operated, and at the present time nine other Wild-Barfield 
furnaces are in course of construction and erection for the 
same company. In addition, orders are on hand for a con- 
siderable number of continuous furnaces and forced-air 
circulation furnaces, and overtime is being worked to meet 
the demand. 





ALUMINIUM. 


gs OY Purity 


English 
Chinese 


Crude 
BRASS. 


Solid Drawn Tubes 
Hrazed Tubes 

tods Drawn 

Wire 


*ixtruded Brass Lars 


COPPER. 
Standard Cash 
Electrolytic 
Best Selected — 3 D 
DT cactdarenueadsucseews 38 15 
Sheets . cnhdteeunhe ends j 0 
Wire Bars cad 10 
Erg 10 
Solid Drawn Tubes 
Brazed Tubes 


FERRO ALLOYS. 
{Tungsten Metal Powder .. Ib. 
{Ferro 
Ferro Chrome, 

Basis 60% 
lots or up. 
24%, Carbon, 
per unit 
a 
l, 6% Carbon, 
/, per 
= | 6-8%, 
S per 
“(8 10° 


I 
7 


Tungsten ......... 
60-709, Chr. 
Chr, 2-ton 
RC ale 11 


scale 
unit ecece 
Carbon, scale 7 
unit 
o Carbon, scale 9 
per unit ee 
$Ferro Chrome, Spe« ially Re- 
fined, small 
pieces for Crucible Steel 
Quantities of 1 ton 
or over, Basis 60°, Ch. 
Guar, max, 2° 
scale 11/0 per unit 
Carbon, 
unit 
> Carbon, 


broken in 
work, 
Carbon, 


max, 1% 
seale 12/6 per 
§Guar. max, 0-7° 
scale 12/6 per unit 
{Manganese Metal 97-98% 
Mn. 
{Metallic 
§ Ferro-Vanadium 25-50°, 
§ Spiegel, 18-20%, 
Ferro Silicon 
Basis 10%, 
per unit 
20/30°%, basia 25 
3/6 per unit 
45/50°, 
5 pe r unit 
70/80°,, basis 75‘ 
7 per unit 
90/95% 
10/— per unit , 
§ Silico Manganese 65/75°% 
Mn., basie 659% Mn. 
$ Ferro - Carbon litanium, 
16/18% Ti... oo 
Ferro Phosphorus, 20-25% ton 20 
§ Ferro-Molybdenum, Molyte ib. 0 
;Culcium Molybdate os 0 


Cluar, 


Chromium ; 


scale 


basis 45‘ 
o 8 ale 


basis 90°,, scale 


Foundry Coke 


Scotland 

Durham 
Furnace Coke 

Scotland 

S. Wales 

Durham 


*McKechnie Ltd. June Il. 


Brothers, 


Subject to Market fluctuations, 


10k 
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MARKET PRICES 


3 
6 
+t 
0 
0 
i 
0 
i. 
1. 


GUN METAL. 
*Admiralty Gunmetal Ingots 
(88:10; 2) 
*Commercial Ingots 
*Gunmetal Bars, Tank brand, 
lin. dia. and upwards. . lb. 
*Cored Bars 


Soft Foreign 
English 


MANUFACTURED IRON. 

Scotland 

Crown Bars, 
N.E. Coast 

Rivets 

Best ns 2 

Common Bars 9 56 
Lancashire 

Crown Bars 9 12 

Hoops bat ae oedd £10 10 0 to 12 0 
Midlands 

Crown Bars 9 12 

Marked Bars tir ae = 


Best . 


‘ od 
Nut and Bolt 
9 O 
Gas Strip 10 12 
S. Yorks 
Best Bars 


Hoops 


10 15 


£10 10 Oto 12 O 


PHOSPHOR BRONZE. 


*Bars, ** Tank " lin, dia, 
and upwards 

*Cored Bars 

tStrip 

tSheet 

tWire 

tRods 

tTubes 

Castings 

t10°%, Phos. Cop. £30 above B.S. 

115°, Phos, Cop. £35 above B.S. 

tPhos. Tin (5%) £30 above English Ingots. 


PIG IRON. 


brand, 
Solid 


Scotland 
Hematite M 
Foundry No. 

No, ¢ 


Nos, 


N.E. Coast 
Hematite 
Foundry 


No. 317 
No. 3 12 
- No. q K 
9 
Silicon Iron. 
Forge 3 9 
Midlands 
N. Staffs Forge No. 3 11 
ee Foundry NO. D oc. 3.15 
Northants 
Foundry No. 3.15 
Forge No. 4. <a 2 
Foundry No. ¢ 3 12 
Derbyshire Forge 3 11 
- Foundry No. 1.... 3 18 
os Foundry No. 3.... 3.15 
West Coast Hematite 6 
Kast sa - ; 3 16 


SWEDISH CHARCOAL IRON 
AND STEEL. 
Pig Iron Kr. 108 
Billets Kr. 240-310 £12 7 6-£16 
Wire Rods Kr. 290-340 £15 0 0-£17 
Rolled Bars (dead soft) 
Kr. 200-220 £10 
Rolled Charcoal Iron Bars 
Kr. 290 15 0 
All per English ton. f.o.b. Gothenburg. 
Converted at £1= Kr. 19.40 approx. 


6 0-£11 7 


+ C. Clifford & Son, Ltd., 


§ Prices ox warehouse, June ||. 


Tin 


June Ll. 


SCRAP METAL. 


Copper Clean ... 
wi Braziery 


— 


Zine 

Aluminium Cuttings 

Lead 

Heavy Steel 
S. Wales 
Scotland 
Cleveland 

Cast Iron 
Midlands 
S. Wales 
Cleveland 

Steel Turnings 
Cleveland 
Midlands 

Cast Iron Borings 
Cleveland 
Scotland 


Soooe| oo 
oad oooco 


= Aan 


eo oo 


SPELTER. 


G.O.B. Official 


Ship, Bridge, and Tank Plates 
Scotland 
North-East Coast 
Midlands 
Boiler Plates (Land), Scotland . . 
(Marine) a a 
se - (Land), N.E. Coast 
9° +» (Marine) 
Angles, Scotland 
as North-East Coast 
Midlands 


” ” 


Heavy Rails 
Fishplates 
Light Rails 
Sheftield 
Siemens Acid Billets 
Hard Basic ....£6 
Medium Basic. .£6 
Soft Basic 
Pia éinsennad £9 10 O to 15 
Manchester 


6 and 


0 Oto 10 O 
10 


oo ie) Coco @eeean$c ooo°o 


HIGH SPEED TOOL STEEL. 
Finished Bars 14% 2/- 
Finished Bars 18% 2/9 

Extras 
Round and Squares, } in. to } in, 3d. 
Under jin. to ¥ in. 1/- 
Round and Squares 3in. ...... 4d. 
Flats under lin. xX jin. ...... 3d. 
gin. X din. 1/- 


Tungsten .. Ib. 
Tungsten .. 


” , eeeeee 


£183 10 
183 10 
186 7 
202 5 


Standard Cash 
English 
Australian 
Eastern 

Plates I.C. 


English Sheets 
Rods 


~ Murex Limited, June il. 


Buyers are advised to send inquiries fur current prices, 





